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Abstract of JP2004039617 

PROBLEM TO BE SOLVED: To provide a 
stacked organic electroluminescent device with 
high luminance, high efficiency and long lifetime. 
SOLUTION: A stacked organic 
electroluminescent device and a method of 
making such device is disclosed. The device 
comprises an anode, a cathode, at least two 
organic electroluminescent units disposed 
between the anode and the cathode, and a 
doped organic connector disposed between each 
adjacent organic electroluminescent unit. The 
organic electroluminescent unit comprises at 
least one organic hole-transporting layer and one 
organic electron-transporting layer. The doped 
organic connector comprises at least one n-type 
doped organic layer or one p-type doped organic 
layer, or combinations of layers thereof. 
COPYRIGHT: (C)2004,JPO 
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OLED«fift>L<(4;^^^LED«*SfX(4:itlib^lI-g--tirTK^-t5ri:;6ST-^?)„ * 

mm(D^mE L^ = -7 h t LTffiffl-ct5#as(o^®E L^mmm» tum^'^?^&.m 

^^WX'^ h fix i> . :^mm<0 :^ y if mo L E D y< ■< (D^^mE I. =^ =■ -y hl4te<0 
h k Wi Zf)^Xitmtt: o X \i^X V^<o;5»(OW^EL3.= s/ hf4iS!5>^-S!LE 

DT'fcoTt,j;<. ^L-ca'9ro^=2/M4{i:^>^SOLED-et><tl'^o *W«EL^- 
■yhtt. tttg^»5ifk1-5fc*X(4S*LV^i|#tt. ^i);i(40LED;^^-y^5ria5^Sii 

, mmm.i£. m&^m. ig)t*7-. Mitstt. ^/^^ ^ ©s^tt/^ t'^rafifc-r 5 fc^tc 
m^t ^ ^ t a^x ^ i>o 50 
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[ 0 0 2 4 ] 

E13lCfi. Nfiro*"^EL^=.xh320 dSfet). ^(75^=.yh(4^'irHTL323tE 

TL 3 2 7^^A.T'V^5, ^ (D & :^ ^ ^j: ^ =^ y h(7?H«igf4Mfi:±HTL/ETLT'«1- 

o t.fz. V - ■:/ h ^ m ^ ^ 2 3 0 i)^ ^ m E L =^ =■ y h n m icm i-f b n . ±td.<D X 0 iz 

;S|EL3.:=^S' hOHTL--<^]E?LaA&U5^(D^r«lEL:x=y K;5ETL--(^m^aAiS 

ETL^Cj;oT^t}^^^^^.„ ^^ISEL^-^y M^WHTL/ETL S X »4 ^ ® i£ < T- 
IE?L t m^<^ ^ ^ i" T iiSff ^-g- L T . H^t-r^ » # * « E L a- = y K*3 (0 H 10 

TL« 323. 1~323. NtfSl^^tl. r © ^Ifi t? . 323. l/J^ry-K© 
||S©W^EL3.r:i/h3 20. l(75HTL-efci9. ■?:LT3 2 3. Nii5;^y-KroRroW 
aEL^-5'K3 20. N(^HTLT-fc5c, ISl^l:i,^ff^lEL^=yhroETLI4 3 2 
7. 1~3 2 7. UX'm^^)M>o'S-^mEL='-=-'yh<DHTHt.mm^tliU$\^.S 
Om^. if ISJ C-C? t S<C o -CV^-C t J: V^. x ^ <^H T L S * 

L V^tttl t L < fii|$«S, {«x.«0 L E D;^ y ^ii53tSil. ^tdttil^ ^ 

So mc:L t^-ET ncii'^x{m>o jeh^km (hid 321. ii:TJ-Y2i 

0i:^-HTL3 2 3. KT) m \ZWi. » i> ^ t \t . -S^m X }ii.f£\>^ . »*bV>. «^ 
aAJi (EIL) 329. Nt)x *y-Ktft^OETL327. NO|S||CBa:»t5:^:65» 20 

0 3 (4 L T ;4S . W « E L ^ = -y h {4 H T L t K - h * ^ ^ ^ ffl H I 

L^ffiE»w<i^-CV^-Ctj;t^„ W^EL:x=.yh(l, ETLiK-:/h*r«3^^ 

[ 0 0 2 5 ] 

04 14. ^^m<r> 7. ^ y ^ mo 1. E D (omco^ m-fi^MMW. 4: 0 0 ^ n^X^ . =t<n>7. 9 V ^ 
MOLED400-C-f4. ^aEL^=5'h420;45^ HTLtETLWrB^I-iaSSttfcB 
%m (LED 3 2 5«:fl|;t-CV^-5. r03.= y l>«iSi4«ll:±HTL/LEL/ETL 

ELT*er-5„ #^^EL:a=i/h(75LEL(4 325. 1-325. NT-S^L. r©^ 30 
1£®«TM4. 325. l;45Ty-K<7?P|(75*-^EL^-yh420. ICDLELT'foD. 
3 2 5. N;4S*y-K©^©^«EL^=yh4 20. NOLEL-e*>5. wOt'/^'I';^ 
©LEL©1#ttf4, L V^tttlX»i#8it^ ^J^«0 L E D ^ ^ s/ if SriiS JtSii. IK » 

5i<l:1-'5;it;6^T'#5o HTL. ETL, HIL&t^EILtCOVNT©±Eiftl^J4 04(C 
a T (4 * S o 
[ 0 0 2 6 ] 

;^^'s/^'SOLED©mi6aESr*/J^I®(::-rs/c*. ^*«EL^--yh5r, 

00nm7|5«;45&*L<. 2~200nm©:^*5-l^!f*UV^„ *fc^r^EL3.= 5/hF^ 40 
©#@(4Ji:$y!i5 2 0 0 nmi^iTT'fc5ri*S»*L.V^. 
[ 0 0 2 7 ] 

m^-t ^^mE L ^ ^ y h m \zm if h ti tz h' - y V ^ m =• ^- ^ ^ i-i . :l (Dmuur^mi- 1 
lEmmmt ^^mE l ^ ^ -y h ^ iz&.Ai- i> tc iz. >i6.m x- h ^ h x h i> o * 

h'-y h^m='^i' ^it^^ , '>/i<tt-o©n}gK-^K#SliiXf4d^/i<t 
tj-o©pJ|? K-:7'h*«lJiXI4:ittf>oe©ffi^-li:^^^A/T-v^5o mY--fV^m^^ 
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(DMmm^n^wi^m^m 5 \c7r:-ti)i , z. <n> mx- a <r> 7. ^ y ^ m.^ m.E l =^ ~ y v 3 

20. 1^:320. 2 ASfc5„ ETL. HTL. HIL&UtEIL<7)S^li5fe{c:t^t;/t 
(Dt|5]CT'fo5, ;^^•;/^^SOLED500^C^5V^-C. nff^K-7'hW^l23 7l4ET 
L3 2 7. 1 tpff^K-yh*^a2 3 Sf^Fa^fd^ttibtLTl^?). pJi^K-7'h*^l2 
33»4n?i^K-yh*^S237i:HTL323. 2«Fs^lC|S:ttbtlTV^5o nJiK-'/ 
h*«lXf4pJ^K-7'h*ffil»3i»tPi# (p-nS^) qrilEL^-yhdJ 

[ 0 0 2 8 ] 10 

Zt^M^-r^o p-n-.-fng-^(i. pff^@i:nff^l;65l:^^(c:g^-f5i:tlc?^^^$i^ 
5#BffiJ^ (XttS-^) ?rt!*1-5„ 
I 0 0 2 9 1 

-a<opff^K--'^*>h^^^t-rv^5„ ^ (dth 7. h^w^^mt. i&'^i-^i^inxi-XiSi^^u 

©I^C*xh$ti|£fiSr, nff^i:pJl^roK-7'h^^@(^5M;^JC«ffi1-5rtiS-c*t5. ^ <D 
nfl^K-7'SgX(4pfl^K-7°?gS{±. ff*L<fiO. 0 1~10^»%(73®llF*3T'fc?) 
o ^ h' - :f h t m ^ ^ <0 ±mn - ^ iZ 1 0 0 n m X' h 'O . if*L<l4*5l~10 
Onm(D|£fflrt-C'fc5o 
[ 0 0 3 0 1 

iSjfec^OLEDx/^-f^lCffiffl^ixTV^SWaa^f^ii^^Jlsfrt^ ±ISnff^K-7°h^ail 
mxh*) . ( ~ ^ iZ 8 - ^ y V / - X it 8 - h V ^ ^ yf V > t h ^ S) g 

1^ t LXit. Tang (*H#f^^4. 356, 429-^) ^SM*L■CV^?)J;5'i=&a<^ 

VanSlykeS.U5Tangb(?l^lli|#tf^4, 539, 507-^ 

W^'M-WRTJ-^y T )/ — iX^m'-^'^ii^h^ . MurataP) (Appl ied Phys i 
cs Letters, 80#189H2002¥);5Sffi^LTV^52,5-lfy^(2 
' , 2" - \^ \i ^) y - <b - ^ )V) -1, l-v';^^/l'-3, 4-v'7ji=yUv'yv'^D 

[ 0 0 3 1 ] 40 

^t:!^Ri;^^^D<>'>'jt;'^/55fc5.^JS^WnJgK-^-<i^h0^7;^©4'-e. Li, Na. K 
. Rb, Cs,Mg, Ca, Sr, Ba, La, Ce. Sm. Eu, Tb, DyXliYb 

'A-a-^(r>\\L^mt^'!^\z^mxhh. Y--f v^m.^ ^-^ ^ <r> ni^iv-^ v^m.m<r^ 
n]^ Y-y<y h t Lxm^^th^unt Lx . ^ti ^i^'f-^^'^^^^-t ^^mm^mh 
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i^) -xh7^T7/U/<Ui^ (BEDT-TTF) . xh7^T7yU/<U'V (TIF) S 
[ 0 0 3 2 1 

ytiEOT y - T ? > T' J; V^ „ 1 3J 14 2 ± t' - 7 T- g ^ $ T S R tJ« / 

XI4'>'i<tt-o(OfiH4*^^^SSr^*1-Ste(OJi^/ihyTy-/i'T5>^. Br 
antlyb(*S#WF^3, 567. 450-^^1/1^^3, 658, 5 2 0 ^) i^m^ 
LTV^S, J;t)»*LV^^'9;^©3^#S?f^H«lT5:^f4. Va nS 1 ykSt)? Tang 
e> (*B«FfFm4. 720, 432-^ i: 1^115, 06 1, 56 9-t) ;iSK!i-<TV>?)'>/j;< 

N, N' -v' (-:^7^'^'>-l-'f■/'^) -N, N' - ~J y =^ ~ - 

V (NPB) S.i;^N, N' -•:>73i=./V'-N, N' - f.^ (S-^f'/l'^ai^yU) -1, 
\-\fyaL:^/V-A, 4' -i^TSi^ (TPD) SO^N, N, N' , N' - }• y -t yf- 20 
( T N B ) *5 5 , 

[ 0 0 3 3 ] 

X ^ intfi h ^i^^ :l t ^ n^-t ^ h <r> X' h ^ o ^ < ^■f)^<r>m t LX M . m'&^fi 

f£\^t^ . 2, 3, 5, Q - y- V y y JV :i- u - 7 , 7, 8, 8-7^h7->T/=^/v';'^>' 
(F4 - TCNQ) tTCNQf^flfecDSI^^Jf'i^ E^^mk^m. fiihXJ-\^B F e C 

I3. SbCl5&05vx< oA^Wf&^N n y >jk^JR;:c if<^»l«tK<k^[lJ;4i fe 5. tK y ^-3}^ 

[ 0 0 3 4 J 

^j:V^;S5^TfE^FT-S$tl*H!|#fFm5. 9 7 2, 2 4 7-§-(CizE'<'bttTV^5#aTVb 
7 -fe: > 51 S f*: ; !|# ^ * /i^ - /i- K ^ * . X. (4 4 , 4 - t' ;^ ( 9 - /i- y yi' ) 
-t'7ai~/U(CBP) ;/j:e>U^tCv^;=^^y/WTy-U'>'^#ft:,0llx.f4 4. 4'-^;^ 

(2, 2' -i?7 = =yHf = /l') -1, 1' - K'73i = /WSt;*ffl#I^B5. 12 1, 0 
2 9 IC IBfc $ *X T 5 i © ;6S fc 5 , 

[ 0 0 3 5 ] 

W K- 7° h => ^ ^Sitf- 5> to l-'Kffi $ 5 Wi^li > $ ^ 40 

Id ]1 i§ -f ^> o 
[ 0 0 3 6 ] 

t L-C(4. *-(73T/ - Ki:*y - KA^b^<c5#^^lcjSi»J'i«ig«^t)roA^53J: '^mil'ix 

>'<-<;^<!:L-Cittb-r'5o T^x-<7'a7''<';^7°U"('ro4i-g-. OLEDr/^'f^cOTU-'l' ( 

■ Ig) ft, =S-ii^!45a3l:tT. tfMh7:^i^X^' (tft) \^ i. x^iLK^m ^ tiWm 50 
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[ 0 0 3 7 ] 

PDA. =i>-t°i-^;^>?y-^, rWt'v^aV-feS'h/ii:') , ^s/KT-yT'T"^;^ 
T-I^-r, ^'f ^ n ^ 7" U-f . R 5^ 5 $ t> L < « ^ ?r gJc ^ 1" 5 -JJ. g ;SS fe 5 7^ ^ >^ 

[ 0 0 3 8 ] 

T-fe5is. *<^»^. ;*:^iia75^t>;t tv^„ M 7 \im mm ^< -f 

f£i:>h7 >^ 3 5 0 t LX&mX'^ ^ &&^^mm<D-mi7nt. miX'i-i. TJ-Y2 
1 0 ^^SMStg 2 1 0W±jc?g^§ttTV^-5. 5fSfE«JS 253 S«l260|c:J:or7 

:/7'£D;&y-K 240tTy-K2 1 0(c:l;Ji^5rg#tf5DC/'/N-/l'P^3>^<-^252 
icS^^ixTl^So r(75^JT-(4. *^EL3.n5/h 2 2 0. l;as-/yl'-)t?rM)tL,*^ 
ELi= 2/^220. 2 *5^^y-:/3fe^|g)tL.^LT^^EL^:^yh220. 3;45w 

^230. Ii230. 2tt5fe(iS«Lfc<Dt|5]i:T'fc5o efelcE;t5^Sr4^1-5fc: 
ftlC-^ffiT't5WaEL3.= 5,h,^^CD^<(0M-g--&dSfc5„ fijxff. ■:fjV~%\^^:^u 

-3tXf4UyK3tii^T>')tXtt^^y-V)tt^-tf:/i5'^?r|l5t-r5 2g«ig<*:^<£ffiL 
T efe3t€r^fife$-B:5 r t ;dST-# 5. "f ii. <0 1 . P> © :i n y K j :a |^ lH]|a -g- 

[ 0 0 3 9 ] 

^^^ffi^SlTfc^lCRGB^^yWiJ'^iiffi-t-^rtfi, RGB^*ii*^/N-i?->-^t;-f-5 
i "9 - ^ {C § a fc e> T 5 „ w O R G B 7 ^ /i- ^ f± . Sa 3t ± f ij (4 5 , 7^/1- 
^ Lfc)t?r:*:»{c?^«i-5©T-. ^ * ;i5 ;^ # < {S T-fr ^ 5 ^ # * o 

*<^RGB;^^5/^I4, iS*S^ff©^^Jfe(D^N-^-V<t;^)tRGB OLEDtc:tt;'<T^* 
^5tS^3;}x?):ii:c7>/<fV^7>r/W^'$ttfcRGBTw;^7*U"l'4ro< L*»t>$8 

X ^ ,y J? §! O L E D x/W ;^ (^-^ h y y ^' ;^ T u-r <0|^Pl3ge<)«a| :T^-t„ H 8 «: . # X 

TU-ftfl^«ixTl^5. ^<7)T^x-f:f-7hy::/i?;^^byy^;^TU'l'tt. XP^IfijWff 
-f-^Xl. X2. Xn;Y:^ipJ(^ffl^«|Yl, Y2. Y3, Ym;«M (Vdd 

)«Vddl, Vdd2. Vdd3. Vddn;Wi^X.ffl»ffllh7>'i^;=^^ (TFT 

) TSll, TS21. TS23. TS12. TS22. TS23. TS31, 

TS32. TS33, TSnm;^ffiSlJ^I|ffi»Mhy^i^Xj5' (TFT) TCll, 

TC21. TC31. TC12. TC22. TC23, TC31. TC32, TC3 

3, TCnm;X:?-y^SOLEDx/<-l';^ELll, EL2 1, EL31, E 

L12, EL22, EL23. EL31. EL32. EL33. ELnm;=3>- 

X^H^Cll, C21, C31, C12. C22, C23. C31, C32. C 

3 3, Cnm;X*|Rj(?5|gi)jlHlK2 0 7;Y*-[6]ro|Ei(j|5]SS2 0 8 /.eifT-«^!g$tlT 

V^5o X:*r(6]<^ff ^iHx 1 -X n © 5 *.0-0 t Y:;^|6jOft-ti||Y 7 ~Ym(75 5 
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n -■ -o X o X mm f)^ - ^ tz if msi $ tifz . m^^mmmvf>i^^^TSi^z(Dm^ 
^^:^3^^T Tonj z <o± itmmmm h v i> ^ ^ T c ronj 

[ 0 0 4 0 1 

7/1^*7— h y 5'^';^X'f;^7'U'>f 6 0 OWH.oOiB^Sr^-f'^BB&lil'CfoS 
. T^.f ^ 7* l^-r 6 0 0 7. ^ >y f m^mmm^^y' y<-( ^ (ELnm) OTL'-I'SU^C 

y 9 :/n-y^ELECll. ELEC12S.t>'ELEC13(C<toT*$ix. 

r:^^p5^1^i^•?^^EL i i. EL i i s^igft-fSo =fi"«^^S6 0 2(D±{c 

. 3t ^ 6«) S K * T y - K ^< y K 6 1 0 O T ^ . ^ e> •;/ K « 6 0 

etCioTELECll. ELEC12Rt;«ELEC13lcS^$;h-"CV^?)„ T'iis^ro^ 
li^6 0 6l4 3t^6<)ICigBJT-fcoTt':c<T'bJ;V^c. ^m^tm^Q 0 ^t^. ^^^^^6 
0 2 tr ^ - y K 6 1 0 (0 ± ^ g 5 . ^ T / - K ^-^ if K ?r "T S!? cJ' - -ft; $ 
ixTVNS, r / - K/N' y K i: WttSiteStfls: 6 0 3 o±f::. &^%^%i:?t«E.irl,<r>\z^^^fi 

> ?^ it^ $ilTl>52iJi±K>*«EL3.= 5/ V t V'--:fV^m.='^i'9<D:^9y^ 20 

Sr^tfefe*^3fe*^S6O5>5S^«$^x-CV^?..0*Jxtf. u-yK^*^--yh. i/U- 
h&0^:/yu-^3t^::^2' hco;^^'5'^'3i»4 7'>'l'-^)t^-5' ht-Y^a-^ 
y vny^^ y i7 \ft^x^1^xh^, ;itLf>W«EL^=s/H4x'f;^7'n'7/-< 

^*LT*ffl(^;&y-K 6 40 dS^«$tl5o f+i>$n5tv Sfe^^^, SBJTy-K6 1 

0. mm^m^ww-Q 0 2 ^ tii^ . d^\zmm mwi Q 0 I ^ m r> X % % ^ n i> . ^ y 
i7SoLED7"^<-Y;^ (B^) (Dm^mmit. r / - v t omMmmi^ x -o x ^ ti ^ 

*gro«S(75±lc:. ^S-iS^tS-a-LTiaS^^tTv^SWyK (6 5 1) , ^ V - (6 5 2 
) RXf-^/U- (6 53) cD7>fy^^'CDT^-('y65^g$^^rv^5. LfoiSoT. I119T-I4. 30 
ELI 1 X'^±Lti&^^it\^ y h'iZ^X.. EL12Xm±\^it&&^^■i^V->izM.Z. 
*t-CELi3-C^4tytefe3fe»i7'/u-fc^A5. ^ :^mm<o±\z:^ 7 - y 4 <o 

[ 0 0 4 1 ] 

;»7-^j^x^;^7'u^ 

*M?groSijOffl]i(4. 7'/i^-^7tB^?r?iJffl LiSSc»C;&7-^Jfe^^^7^/i'^$r«ffltTl' 
5, Kti/y-v^jjt^^*^-^. 7/i'*7-7''f;^:5'^'('ilro< 5x/^'r;=^XHt7'-r;=^7' 

U-TT-cTJffl^T'fo-So fcVMC<7'>'U'-^5tOLED(4Ei6<}fc:^^;55ft/jNT-fo'9d^o^^ 
;65ftig;-efcofco *«BJ (f!l;t«7'"/L'-^^*^EL3.r^2/ h) (DfifeS^iX^Sfl^i:*^ 
14 . :i lb (D r -f ;^ (c, H T W fiJ (- fJ ffl -f- 5 r i: ii5 -c t 5 o 40 

[ 0 0 4 2 ] 

COj;5ifcx-f^7'U"i'ro^|5I^6<j«RJS:ili OtS^L, z (Ot' ^ 7 :^ ^ itm S 
mLtKDtmCT^T'^y-^ h y yi^;^lHl?ST-|gi»i$n5o 7>'i-;<77-^ I- 'J y ^ ^ 
^7°ui' 6 00 (4. |^9(CTX'i';^7'U'l' 6 0 0(coi/NT^lcfa©Lf;i©i:l?Ii:S^2r# 
icffLTV^^iAJ. T'/w-HJt^^' 5/^'S*«m«ll3fe7/<'l';^«)Tt'>rST/^:©7'yw-|g 
)t7^<'rxtS-^LTV^5*7-^lfe7^/u^'-»TU"l'lr?iJfflLTV^5c, •?:«)*7-^ 
^7^/^^l4r^^pJX/•<'1';^t^llf>#<^ra{-^g$^^TV^5o h y ■y^j^x^^T'i/'f 
6 6 0 P^ny' )i'-%^%^m.m Q 6 5 (4. 2tJ^±07'/^-^*W^E L^-^-y hw;^^' -y 
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) "Bt-Xf-rf )V — h if \) — :y ^ (6 6 2) ^ife^-f/Ut^OTU'CiiJ^S^tiTV?) 
V ^) X y 7 ^ IV 9 -km^X^^X %i t"^^ o L/c;4SoT. SllOTMiELll;^^^^-^ 

[ 0 0 4 3 ] 

I r (ppy) 3 /£if©=m^5S3teflEK-^-'yb*S. •(SV^0J5§T-i^II)$-e:5ti«iV>SbSf5 10 

-t 5 r ;6S55-;4^o T 5 o V^ Ic < , i« V ^ 5 ^? ft ^? ii: 5 , x/W^O^^ 

ii T- 5 0 ^1) ;t (f . u- -7 K ^ 3fe K - h (4 . :/ /i' - ^ 5t K - >- h ^ ?t -f 5 r t ^ 

PbI ffi S ffl 14 ft /Jn K T- 5 o 
[ 0 0 4 4 ] 

*^Wf4> R G B iii^ t bT«!i < . i/s/Kfcft, i/ y - Vfc(tSu:y/u-fcl:^<^#;^E L 
[ 0 0 4 5] 

T'u^ 6 8 0(4, @9{w^-f7''^;^7•^-r 6 0 0^c:o^^T3fe{ci^•<y^:^DtlIlCg^^#|^ 
^LTV^So h V y 9 :^ f :^ ■:f u y( 6 8 0 {z y ^ /u 9 T I' ^ (i± < X h ^ o ^ y 
K (681) . ^y-i^ (682) so^T'/i'- (683) ^^jti-^^raif^^hy-yi? 

;^TU'l';!lS^|-t^nTfc'9, U-yK. ^y-i/X(4:/yP-^tl,€*l(02:W±(7)*a 

EL3.rzs,h(^;;^-5?y^^^A/X-V^S, ^ h m.m\t . T / - Y y< y Y hm.^ \.X ^ 40 

ic^x.. ELi2J4^^y->J::a;i, *LTELl3(4 7'/w-lcE^-5o 

[ 0 0 4 6 ] 

^^5,^^OLED7^/Wx»4, |tiSWJc{4Si$S«ro±icS^»te>tu5o :irT-, T.'^ y 
^?MOLED^75;^;y-K3^(4T/-Kcov^■fi^;45S«^cgL-CV^Tt>J:v^, ■fflSi, StS 
lcg^-r5«1i5riKgi5l;1ii:«-^LTV^S, ii^, 1^ S 95 Itli (4 T 7 - K T* -5 . *^BJ{4 
*^^«^{C|S^$i^5^JO-e^4:^^^^, S«f4, S@$n5M7t*-|fi]{cftl?LT. 3i*ttX 
{4^SBJoi,>-f n/i^t?&5 C t iS-Ct 5. E LIS3tSrS«?::«- bT«lS-r-5«'&tcf4S3t 50 
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Ifyy^. ^ y y ^ . ^if^m^Un. ±yiy':7:^Rnm^mUttnt'-^Mn^Ai 
[ 0 0 4 7 ] 

T y - K 

v'un^t-( ^^':^<> -i^siimitm (ito) Rxj^mits^x-h^i^. t lxt s. ~ ^ j^x 

4 y <> ^ h' - y L tern itmm ( i z o ) , i/ ~> a ^ y a © it 
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i!fcic^(7) I T o (Dm^ i^itffjy y ^-^ X'fG:m Lx (omm ^ T y - Kt Lxras-tSc, 
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[ 0 0 9 1 ] 

(1) NPB;^)^e>/.^2)7 5nmff(DHTL; 

i 2 ) A \ q t^h fj: ?> 6 0 n mmo E T L {^%m t LX hm <) ; 

(3) Mg :Ag^^lb/^5ff$>6Sj^2 10nmCO*y-Ko 

^Lfcx^^-Yv^tT^liigfl, ITO/CFx/NPB (75)/Alq (60)/Mg:A 
g « $ 5 o 
[ 0 0 9 2 ] 

rox/^>f;^tt. 2 0mA/cm^tr3l5(7)fc^t!)mffi6. 2 V ^ 1 1r ^ . ^ (oum 

a?s|i2. 4cd/AT*fe5ofi»JlT*^^nfc»S^^-l:«^#tt?:EI6tc:* + , 
[ 0 0 9 3 ] 

(1) NPB;^^ib^cC^50nmffcOHTL; 

(2) Al q;0^b?i55OnmJf(^ETL (^7tliLTtl)<) ; 

(3) Mg : A g h^^i 1 nmffO^V^^att;^! ; 

(4) Ag;«i>?>/ce5l. 5nmJ¥(^SIJ(7)SIV>^JSl;<l; 

(5) NPB;6^^>7:^55 0nmff(OHTL; 

(6) Alq^^?>/^5ji:^:6^50nmi¥6^ETL (^)tai:LTl)«il<) ; 

{7)Mg:A%t^hf^^W-^t^%'^210nm(D:tiy-Yo 
[ 0 0 9 4 ] 

. ITO/CFx/NPB (50)/Alq (50)/Mg:Ag/Ag/NPB (50 
) /Al q (50) /Mg : AgT^^fc^tlSo 

w(D;?^^5/i5^SOLEDIi, 2 0mA/cin^Sra^5c^{c:l^it)fl:i±2 1. 2V;45^. 

So •^rCDEL^^IiO. 1 c d/AT*fc5o ^J2T^$tlf::^0»a[^*-««gf|#'ttSrlll 
6 ;c , 
[ 0 0 9 5 ] 

gij 3 ( it ^il ) 

>^i5^5/^SOLED^TIE(^)li{C^<gT*^itLfco 

(1) NPB;6^ib^.^5ff^75^7 5nmCDHTL; 

(2) Alq;^^?>/^560nmi¥cOETL (^7tl<btTt#<) ; 

(3) U g t^hfl ^ 1 0 n m<D^mn% \ 

(4) NPB;4^^?fe57 5nmJ?:6DHTL ; 

(5) Alq:6^^/i:5ff^;iS60nmOETL (^)feJitLTtlB<) ; 

(6) Mg : A z'^^^^^i>M^t^i^ 2 1 0 nm<DiJ V - Y , 
[ 0 0 9 6 ] 

. ITO/CFx/NPB (75)/Alq (60)/Mg/NPB (75)/Alq ( 
60) /Mg :MgtLT*$tt5o 
[ 0 0 9 7 ] 

±IE^i5^iX>^MOLED[i. HZftfliffil 1. 2VT'mi5S^S:d5 2 0mA/cm^ 

H 6 i- , 

[ 0 0 9 8 ] 

g^J 4 ( it W ) 

;^^.;,>5.^0LED^SitLfc;iiS. I:o(7>EL:x:=:.y^(7)ffl(c^M«^l;6>7:^V^-i::|r|^V^ 
T0ij3tl^CTfoofco ^<^;^^5'yi5^Mx/W^(7)«itf4. ITO/CFx/NPB (7 
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5) / Al q (60) /NPB (75) / A \ q (60) /Mg :Ag-C^$tv5. 
[ 0 0 9 9 ] 

(2 9V) ^i£i-Si:1-5„ »B!:;1--5EL^*(i3. Icd/AT-feS. tJS4T*^§ix/c:-t 
ro]^g^'*-«JjS#ttS:ia6 (C^i^-r. 
I 0 1 0 0 ] 

Jte0i|2. 3&054|J^ y hPB^(^jgi^*5, ^ s/ ^ SO L E D J; 

t)a*WT-fc5;^^2'^?SOLED§rSii-tS<?3tC#^(^SST-fc-5rt^0ja(C/T%L-C 

artist, df-^ y TaA/55Sji-efc5(^i^^'i ^-f 3t<^KiR tSlttw J: SSiStS^SrBJ t 10 
dMCjeri". JtoKteH:. EL3.= s'M!g{ctt;|S:6S/j;{t*i-tf«P)-f-rt*s-C#5*^ #W 

I 0 1 0 1 ] 

5 (.:i^%m(Dm) 
X^J's/j^'SOLED^. TIE(75|il{c^<gT-i?itL.fc, 

(1) NPBA^f>7i2.7 5nmJ¥OHTL; 

(2) Alqd^fj'ieSSSninffOETL (|l^feMi:L-C'b#<) ; 

(3) h' - ^ h m m ^ f <0 h ^ . 2Si«:%OCH3C02Cs?rK-7'Uf::A 
lq*^h*>P>J&:55nmJ¥ronJ]^K-7'h'ft-ag; 20 

(4) K-7'hW:^3^^'^'(73SiJ<7?Sl55>T'$)5. 2^1: "/oWF^ - TCNQSTK-^Lfc 

(5) NPB*»P>'fcS^^?i4»7 0nmroHTL; 

(6) Alq*>f>?fc5iP$i45 6 0nm<!OETL (^5fe^tLTt.^<) : 

(7) Mg : Ag /iS)^2 10nm<7)*y-Ko 
[0102] 

, ITO/CFx/NPB (75)/Alq (55)/Alq:n-K-^-«>> (5)/ 
NPBip-K-^^^-h (5) /NPB (70)/'Alq (60)/Mg:AgT*^43^ 
tt5o 30 
[0103] 

:i<0^^yi^m.OLED{t. mm^Bi^ 1 8 . 5 V X' ^ ^ i)^ 2 0 m A / c m ^ X' h '0 
, -tOEL^^iSS. 9cd/A-C-fo5o fi»J5T***tlfc^-<0»S^^-fl;S£#tt?:ia6 

^ 1- o 

[0104] 

(1) NPB;{i^^nc575nm/froHTL; 

(2) Alqyii^ib;'£'560nmff(OETL (^)tBtbT'bf!)<) ; 

(3) K-7°h*a=>^^^T-fc5. 3S»%roF4-TCNQ^K-7°LfcNPB*;^ 40 
ht^hfiii 5 nmm(OpJ^ K-7'h^r«IS ; 

(4) NPB;5>Pj?'£5ff$!i^7 0nm(OHTL ; 

(5) Alq;5^e>/£560nmi¥OETL (^3tJitLTt)fi!l<) ; 

(6) Mg : A g h ^£ ^ i^fl^ 2 10nm<O;&y-K. 
[0105] 

±fe.(omm»&^i^-ouax:^'r y :fitm I tm cxh^it^ :i <o :^ ^ y ^< ^ (o m at 

(i. ITO/CFx/NPB (75) / Aq (60)/NPB:p-K-^-'>'h (5)/ 
NPB (70) / Aq (60) /Mg :Ag-C«$tL-5. 
[0106] 

Z <D :^ if y L E D it, mWin.E.i^ I 7 . 7 V XHm^S Stt^ 2 0 m A / c m'^ X h '0 50 
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-to 

[0107] 

^(^mti %:mm<t-r itzit. m e <d ^ <;:> t l x ^ <d sf. ^ ^ fi ^ 7. ^ y i^mo 

(1) NPB;«i^f)/i57 5nmff(DHTL; 

(2) Al qiO^^/^-SaOnrnffWETL (^)t«tLTt«b<) ; 

(3) K-yh^a^^^^T-feS. 3^i:%<DF4 - TCNQSrK-^LfcNPB*^ 

ht)^ht£i> 5 n mm (D h^mm ; 

(4) NPB;4»e,/i5/P$;d5 2 5nmOHTL; 

(5) Al q^^^?fc?>60nmff(DLELtETL ; 

(6) Mg : A s A> h t£ ^ m it^m 2 1 0 n m<D y ~ ]f , 
[0108] 

±lESig#UA^wiiDI^x s/ yji^sj 1 i: 1^ CT'fco fc. r o 5. -f ;^ w 

mmh. ITO/CFx/NPB (75)/Alq (30)/NPB:p-K-^-?^h ( 
5) /NPB (25) /Aq (60) /Mg :AgT-^$*L5, 
[0109] 

f!l7T•^$^^fcr<^)^^'y^'^OLED©)ii^^^-m^^g#tt^&gl6^c.^%-r. ^©ftiifii 

4. 9cd/AT'fc5. ^ <D 7" ^< ^ it . - -O (V O L E D <D ^ m E L ~ y h i m 

if '■y ^ i-^ z t ^x . 2 ^(Dm&^m^m^x t i 2 m<DmW}ms.x) zt 

^7i;LTt/^5o t9^^•imU^^iZitm■t ^ (DX . wO;^^'-;/i5'MOLEDx/<'l'>^li, |^ 
CmiiK^ST'^ttlLT^ S*©OLED (fill) <^2f&oaf|Etlj;f]$-^figfS;it;iS-et 
Lfc*5oT. r 2/ ^ ffio L E D (±, J^S^^ttlC-fS r t < 2f&lCji 

3 S ffi * T'i Ift 0J 1 

31] t«e*S«rc>;=5.^s'^'SOLED(D|il§S(TSll^^-to 

32] y ^mmmEL=L:^ y h^:^ ;5^o^(7)#^EL^^->h#>er(7)Ffl(c:K- 

"031 ^mEL=^-y hf^<D\,^<^t)^<ommmi:7^ir^ ^ if y mo L E 

04] *SlEL^^s/^rt(^^,^<o;O^^Dftfecog«Jg^^i%-r, *|g0J<Dt9-oiSiJ<Oy^^ 
^^OLED(?5IIS»rBlll^;^1-o 

^ SO L E D £7)lll§{^®|g^^-fo 

ll6]*|gBjox/<^;^So;t^*K^ff-eMigLfcaJpx^W;^»*aiEL#tt^*-rJ¥ 

17] ^^mo^mmyy^os^mmmi^^-i-. 

Hi 1] *l§?^ (^S'J(^ 7/1.* 7 -7=^^ X 7" (DBS^SIg 

m< z t i^x^ fi\,^i)^h . n 1 ~ 5 1 0 7 ~ 1 nt-^<Dii::kitizfj:^xi,^fj:\.- tm-r-< 
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1, Title of Invention 

Stacked Organic Electroluminescent Device 

2. Claims 

1 . A stacked organic electroluminescent device comprising: 

(a) an anode; 

(b) a cathode; 

(c) a plurality of organic electroluminescent units disposed 
between the anode and the cathode; and 

(d) a doped organic connector disposed between each adjacent 
organic electroluminescent unit. 

2. Tlie stacked organic electroluminescent device of claim 1 
wherein the organic electroluminescent units comprise small molecule materials. 

3. Tlie stacked organic electroluminescent device of claim 2 
wherein the organic electroluminescent units comprise a hole-transporting layer 
and an electron-transporting layer. 

4. The stacked organic electroluminescent device of claim 1 
wherein the organic electroluminescent units comprise polymeric materials. 

5. The stacked organic electroluminescent device of claim 4 
wherein the organic electroluminescent units comprise a hole-transporting layer 
and a light-emittii^g layer. 

6. The stacked organic electroluminescent device of claim 1 
wherein there are at least three organic electroluminescent units and wherein the 
doped organic connectors comprise an n-type doped organic layer, a p-type doped 
organic layer, or combinations of layers thereof, . 

7. The stacked organic electroluminescent device of claim 1 
wherein die thickness of the doped organic connector is fiom 1 to 100 nm. 

8. A lamp for area lighting comprising: 

(a) a transparent substrate; and 

(b) the stacked organic electroluminescent device according to 
claim 1, wherein the organic electroluminescent device is provided over the 
transparent substrate and emits white light. 

9. A iull-color matrix display that is observable by a viewer 

comprising: 
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(a) a plurality of stacked organic electroluminescent devices 
according to claim 1 which form a matrix array of red, giwn. and blue-emitting 
stacked organic electroluminescent devices, wh«:ein each device emits only red. 
gi-ecn, or blue; and 

(b) means for ind^endently electrically activating each device. 
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3. Detailed Description of Invention 

FIELD OF THE INVENTION 
The present invention relates to providing stacked organic 
electroluminescent units to fonn an organic electroluminescent device. 

BACKGROUND OF THE INVENTION 
Organic electroluminescent (EL) devices or organic light-emitting 
diodes (OLEDs) are electronic devices that emit light in response to an ^Ued 
potential. The stnicture of an OLED includes, in sequoice, an anode, an EL 
medium, and a cathode. Tlie EL medium disposed between the anode and the 
cathode commonly includes an organic hole-tiansporting layer (HTL) and an 
organic electron-transporting layer (£TL). Holes and electrons recombine and 
emit light in the ETL near the interface at the HTL. Tang ct al. (Applied Physics 
Letters, 51, 913 (1987), Journal of Appb'ed Physics, 65, 3610 (1989), and 
commonly assigned U.S. Patent No. 4,769,292) demonstrated highly efficient 
OLEDs using such a layer structure. Since then, numerous OLEDs witli 
alternative layer structures, including polymeric materials, have been disclosed 
and device performance has been improved. 

The luminance output and the operational lifetime of OLEDs are 
important device parameters, which are controlled by many factors. One of the 
factors is the drivhig current Van Slyke et al. (Applied Physics Letters, 69, 2160 
[ 1 996]) indicated that the luminance generally measured in units of candela per 
square meter (cd/m^) is proportional to the current density passing through the 
device^ and the lifetime of the device is inv^ely proportional to the current 
density. 

Thus, there is unavoidable tradeoff between luminance and 
operational lifetime. Accomplishing both high luminance and long operational 
lifetime is tl)ercfore very advantageous and would raable a much wider range of 
applications for OLEDs. 

A method to improve the luminance and efficiency of a 
multicolored or full color RGB OLED has been disclosed by Forrest et al. in U.S. 
PatKit No. 5,703,436. In the method of Forrest, an OLED device is fabricated by 
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vertically slacking multiple, individually addressable OLED units, each emitting 
light of a different color. Electrodes are provided between OLED units (intra- 
electrodes) as a means of ind^endently controlling each individual OLED unit 
Specifically^ this stacked OLED requires substantially transparent intra-electrode 
layers made of metallic or inorganic materials for electrical conductivity. It also 
requires bus lines for providing electrical power to control each individual OLED 
unit. In contrast to side-by-side construction of conventional RGB sub-pixels in 
an OLED display, Forrest et al. teach that the stacked orientation in this invention 
allows each color sub-pixel to be spread over a greater area, and tlius, operate at a 
lower current density. However, the total cun'ent requirements for the device are 
not reduced, and the luminance efficiency in terms of candela per ampere (cd/A) 
is actually not improved. In U.S. Patent No. 6,274,980, Burrows et al. propose 
that one can use the method of Forrest et al, to increase the luminance c^ability 
of an OLED device by stacking multiple OLED units, all of which emit the same 
color. While this enables higher luminance, the overall construction of the OLED 
device is complex, requiring transparent electrodes as well as sq)arate power 
source for each of the stacked OLED units. 

Tlie use of metaUic or inorganic intra-electrodes in the stacked 
OLED of Forrest et al. or Burrows et al. poses several problems. First, it requires 
complex wiring in order to address each OLED unit in the stack. Second, the 
electrode layers between the OLED units in the stack absorb light, and if made too 
tliick, create optical losses that decrease overall light output efficiency. So-called 
transparent electrodes are known but still absorb significant levels of light and are 
difficult to fabricate over organic structures. In fact, Burrows et al. show by 
mathematical modeling the serious de<a«ase in luminance efficiency caused by the 
expected optical losses due to the intra-electrode layers. Third, if the electrode is 
made too thin to improve optical properties, the sheet resistance is too high 
rendering high driving voltage for each individual OLED element and uneven 
luminance inside the device area. 

In an alternative design, Jones et al. (U.S. Patent No. 6,337,492) 
disclose a stacked OLED structure with a conductor layer between the individual 
OLED units without individually addressing each OLED unit in the stack. These 
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conductor layers are basically equivalent to the iiitra-clectrode layer of Forrest et 
al.» except that they are not connected to a power supply. While this alleviates the 
coinplex wiring problems of U.S. Patent No. 5,703>436 and U.S. Patent No. 
6,274,980» the device disclosed by Jones et al. suffers tlie same optical problems 
as noted above. The conductor laym are preferably 0.1 to IS nm thick, and 
include allegedly transparent metal alloys, metal oxides, and other well known 
inorganic electrode materials commonly used in OL£D devices, all of which have 
unwanted absorption and light*scattering effects. Jones et aL proposes that the 
device structure can be used to make OLED devices with higher luminance 
efficiency and higher opei-ational stability, but offers no working examples. 
Neither does Jones et al. suggest how to make a useful device without a conductor 
layer. 

{Patent Document IJ 

United States Patent Ho. 3,180,730 
[Patent Document 2] 

United States Patent Mo. 3,567,450 
(Patent Document 3] 

United States Patent No. 3,658,520 
[Patent Document 4) 

United states Patent Ho. .4, 356. 4 29 

[Patent Document 5] 

United States Patent No. 4,539,507 
[Patent Document 6 J 

United States Patent No. 4,720,432 
[Patent Document 7] 

United States Patent No. 4,768,292 
[Patent Document 8) 
United States Patent No. 4,769,292 
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[Patent Document 9} 

United States Patent No. 4,B8S,221 
[Patent Document 10} 

United States Patent No. 5,059,861 
{Patent Document 11] 

United States Patent No. 5,059,862 
[Patent Document 12] 

United States Patent No. 5,061.569 
[Patent Document 13] 

United states Patent No. 5,121.029 
[Patent Document 14] 

United States Patent No. 5,141.671 
[Patent Document 15] 

United States Patent No. 5.150.006 
[Patent Document 16] 

United States Patent No. 5.151.629 
[Patent Document 17] 

United States Patent No. 5.276.380 
[Patent Document 18] 

United States Patent No. 5.294.870 
[Patent Document 19] 

United States Patent No. 5.405,709 
(Patent Document 20] 

United States Patent No. 5.484.922 
(Patent Document 21] 

United States Patent No. 5.593.788 
[Patent Document 22] 

United States Patent No. 5,645.948 
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[Patent Document 23] 

United States Patent No. 5.677,572 
(Patent Document 24] 

United States Patent No. 5,683.823 
(Patent Document 25] 

United States Patent Mo. 5,703,436 
{Patent Document 26} 

United States Patent No. 5.755,999 
[Patent Document 27] 

United States Patent No. 5,776,623 
[Patent Document 28) 

United States Patent No. 5,851,709 
[Patent Document 29] 

United States Patent No. 5,928,802 
[Patent Document 30] 

United States Patent No. 5,935,720 
(Patent Document 31] 

United States Patent No. 5.935,721 
(Patent Document 32] 

united states Patent No. 5,972,247 
[Patent Document 33] 

united States Patent No. 6,020,076 
(Patent Document 34] 

United States Patent No. 6,066,357 
(Patent Document 35] 

United States Patent No, 6» 140, 763 
[Patent Document 36] 

United States Patent No. 6,208,075 
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(Patent Document 37] 

United States Patent Mo. 6,226,890 
[Patent Document 38} 

United States Patent No. 6.237,529 
[Patent Document 39) 

United States Patent No. 6,274,980 
[Patent Document 4 0] 

United States Patent No. 6,337,492 
[Patent Document 41) 

International Publication WO 98/55561 
[Patent Document 42) 

International Publication wo 00/18851 
[Patent Document 43] 

International Publication WO 00/57676 
[Patent Document 44] 

international Publication WO 00/70655 
[Patent Document 45] 

European Patent Application Publication No. 1 029 909 
[Patent Document 46] 

European Patent Application Publication No. 1 009 041 
[Patent Document 47] 

European Patent Application Publication No. 0 891 121 
[Patent Document 48} 

European Patent Application Publication No. 0 732 868 
[Non- Patent Document 1] 

"Electroluminescence of doped organic thin films" by C. W 
Tang et al., J. Appl . Phys. 65(9), May 1, 1969, pp. 3610-3616 
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[Non* Patent Document 2] 

-Organic Electroluminescent diodes" by C.w. Tang et al . , Appl . 
Phys, Letter 51(12) 9/21/87, pp. 913-915 
[Non- Patent Document 3) 

"Organic Electroluminescent Devices with Improved Stability" 
by S.A. VanSlyke et al . , Appl. Phys. Letter 69(15) October 7, 
1996, pp. 2160-2162 
[Non -Patent Document 4} 

'Efficient organic light* emitting diodes with undoped active 
layers based on silole derivatives" by Hideyuki Murata et al., 
Applied Physics Letters, Vol. 80, No. 2, January 14, 2002, pp. 
189-191 

SUMMARY OF THE INVENTION 
It is an object of the present invention to provide an OLED with 
high brightness. 

It is anotlier object of the present invention to provide an OLED 
with high luminance efficiency. 

It is another object of the present invention to provide an OLED 
with an increased lifetime. 

It is another object of the present invention to provide an OLED 
with an easy color adjustment 

It is another object of die present invention to provide a stacked 
OLED with decreased driving voltage. 

It is another object of the present invention to provide a stacked 
OLED with decreased optical absorption. 

It is another object of the present invention to provide a stacked 
OLED with a simplified fabrication process. 

It is another object of the invention is to facilitate the use of a 
slacked OLED device as a lamp. 

It is another object of this invention to provide a full color OLED 
display device with high luminance efficiency and lifetime. 
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It has been detennined, quite unexpectedly, that by doping an 
organic material to alter its electrical properties, stacked organic 
electroluminescent units can be effectively connected to provide a highly 
improved electroluminescent device. 

These objects are achieved in a stacked organic electroluminescent 
device comprising: 

(a) an anode; 

(b) a cathode; 

(c) a plui-ality of organic electroluminesc«it units disposed 
between the anode and the cathode; and 

(d) a doped organic connector disposed between each adjacent 
organic electroluminescent unit. 

In another aspect, the present invention the objects are achieved by 
a method of making a stacked organic electroluminescent device having at least 
two organic electroluminescent units, comprising the steps of: 

(a) providing a first organic electroluminescent unit connected 
to an anode, and a second organic electroluminescent unit connected to a cathode; 
and 

(b) providing a doped organic connector to connect at least the 
first and second organic electroluminescent units, such doped organic connector 
disposed between each adjacent organic electroluminescent unit, whereby the 
stacked organic electroluminescent device includes only a single anode and 
cathode. 

An advantage of the present invention is that it enables a stacked 
OLED to function without requiring intra-electrodes, thereby lowering optical 
losses. 

Another advantage of the present uivention is that tlie stacked 
OLED device provides significantly improved luminance efficiency measured in 
cd/A compared to the conventional non-stacked OLED device. 

Another advantage of the present invention is that the stacked 
OLED has an increased brightness if operated under the same current as that of 
tlie conventional OLED. 
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Another advantage is that the stacked OLED has an increased 
lifetime if operated under the same brightness as that of the conventional OLED. 

Another advantage of the present invention is tliat the stacked 
OLED has a decreased driving voltage and an increased optical output compared 
to the prior arts of stacked OLEDs. 

Another advantage of the present invention is that the stacked 
OLED can be operated with a single voltage source with only two electrical bus 
conductors connecting the device to an external circuit. Thus its device 
architecture is significantly less complex than those rq>orted in the prior art and is 
therefore much easier and less costly to fabricate. 

Another advantage of the present invention is that the stacked 
OLED can have a new way to adjust the emission color of the device by mixing 
appropriate organic electroluminescent units with different color emissions. 

Another advantage of the present invention is tliat high efEciency 
white electrohuninescence can be produced. 

Another advantage of the presait invention is tliat the stacked 
OLED device can be effectively used in a lamp. 

In order to more fully appreciate the construction and the 
performance of the stacked OLED with organic EL units and doped organic 
connectors in the present invention, a prior art stacked OLED will be described 
with reference to FIG. 1 . 

In FIG. 1 , a prior art stacked OLED 1 00 has several OLED units. 
In order to simplify the explanation, we give three stacks as example. OLED units 
1, 2. and 3 have their own anode (1 1, 21, and 31), cathode (13, 23, and 33), and 
organic EL medium (12. 22, and 32). The anode of each OLED unit in the 
stacked OLED 100 is preferably transparent and foimed from indium tin oxide 
(ITO). The cathode of each OLED unit in the stacked OLED ICK) is preferably 
transparent and formed from a metal or diamond like carbon. The organic EL 
medium of each OLED unit in the stacked OLED 100 preferably includes a HTL, 
at least one light-emitting layer (LEL) and an ETL. As mentioned before, since 
each OLED unit in the stacked OLED 100 has its own set of electrodes, the 
optical absoiption problem can be significant. 
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FIG. 2 sliows a stacked OLED 200 in accordance with the present 
invention. Tliis stacked OLED has an anode 210 and a cathode 240, at least one 
of which is transparent. Disposed betwctti the anode and the cathode are N 
organic EL units 220, where N is greater than 1 . These organic EL units, stacked 
serially to each other and to the anode and the cathode, are designated 220.1 to 
220.N where 220. 1 is the first EL unit (adjacent to the anode) and 220.N is the N* 
unit (adjacent lo the cathode). When N is greater than 2, there are organic EL 
units not adjacent to the anode or cathode, and these can be referred to as 
intermediate organic EL units. Disposed between any two adjacent organic EL 
units is a doped organic connector 230. There are a total of N-1 doped organic 
connectors associated witli N organic EL units and they are designated 230.1 to 
230.(N-1 ). Organic connector 230. 1 is the doped organic connector between 
organic EL units 220.1 and 220.2. and 230.(N-1) is the doped organic connector 
disposed between organic EL units 220.{N-l) and 220.N. The stacked OLED 200 
is connected to a voltage/current source 250 through electrical conductors 260. 

Stacked OLED 200 is operated by applying an electric potential 
generated by a voltage/cun ent source 250 between a pair of contact electrodes, 
anode 21 0 and cathode 240, such that anode 210 is at a more positive potential 
with respect to the cathode 240. This externally applied electrical potential is 
distributed among the N organic EL units in proportion to the electrical resistance 
of each of these units. The electric potential across the stacked OLED causes 
holes (positively charged carriers) to be injected from anode 210 into the 
organic EL unit 220.1, and electrons (negatively charged carriers) to be injected 
from cathode 210 into the Nth organic EL unit 220.N. Simultaneously, electrons 
and holes are generated in, and separated from, each of the doped organic 
connectors (230.1 -230.(N-1)). Electrons thus gwerated in, for example, doped 
organic connector 230,(x-l) (1< x < N) are injected towards the anode and into the 
adjacent organic EL unit 220,(x-l). Likes^ise, holes generated in the doped 
organic connector 230.(x-l) are injected towards the cathode and into the adjacent 
organic EL unit 220.x. Subsequently, these electrons and holes recombme in their 
corresponding organic EL units to produce light, which is observed via the 
transparent electrode or electrodes of the OLED. 
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The number of tlie organic EL units in the stacked OLED is in 
principle equal to or more than 2. Preferably, the number of the organic EL units 
in the stacked OLED is such Uiat the luminance efficiency in units of cd/A is 
improved or maximized. 
Device Architecture 

Organic electroluminescent (EL) units 

Bach organic EL unit 220 in the stacked OLED 200 is capable of 
supporting hole and electron transport, and electron-hole recombination to 
produce light. Each organic EL unit 220 can include a single layer or a plurality 
of layers. Organic EL unit 220 can be fomed from small molecule OLED 
materials or polymeric LED materials, both known in the ait, or combinations 
thereof. There are many organic EL multilayer structures and materials known in 
the art that can be used as the organic EL unit of this invention. Each organic EL 
unit in the stacked OLED device can be the same or different from other units. 
Some organic EL units can be polymeric LED and other units can be small 
molecule OLEDs. Each organic EL unit can be selected in order to optimize 
performance or achieve a desired attribute, for example light transmission through 
the OLED stack, driving voltage, luminance efficiency, light emission color, 
manufacturabitity, device stability, and so forth. 

FIG. 3 illustrates a non- limiting, useful embodiment of this 
invention, as stacked OLED 300. In FIG. 3, there are N organic EL units 320, 
each comprising HTL 323 and ETL 327. The layer structure of this basic unit is 
conveniently denoted as HTL/ETL. The doped organic connectors 230 are also 
provided between organic EL vmits and function as described above. In device 
300 the doped organic connectors facilitate hole injection into the HTL of one 
organic EL unit and electron injection into ETL of the adjacent organic EL unit. 
Within each organic EL unit, the transport of the hole and electron carriers is 
supported by the HTL and ETL, respectively. Recombination of the hole and 
electron carriers in the vicinity at or near the HTL/ETL interface within each 
organic EL unit causes light to be produced (electroluminescence). The HTL in 
each organic EL unit are designated 323.1 to 323. N where, in this embodiment, 
323. 1 is the HTL in organic EL unit 320. 1 adjacent to the anode, and 323.N is the 
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HTL in organic EL unit 320.N adjacent to the cathode. Similarly, the ETL in each 
organic EL unit are designated 327.1 to 327,N. The HTL in each organic EL unit 
can be the same or different in tenns of materials used, layer thickness, method of 
deposition, and so forth. The properties of ilw HTL in the device can be 
individually optunized to achieve the desired performance or featui-e, for example 
light transmission through the OLED stack, drivhig voltage, luminance efficiency, 
light emission color, manufacturability, device stability, and so forth. The same is 
true for the ETL. AlUiough not necessary, it is preferable that a hole-injecting 
layer (HIL) 32 1 . 1 be provided between anode 2 1 0 and the first HTL, 323.N, It is 
also preferable, but not necessary, that an electron-injecting layer (EIL) 329.N be 
provided between the cathode and the last ETL, 327,N. Both the HIL and EIL 
improve charge injection from the electrodes. Wliile not shown in FIG 3, organic 
EL units can optionally include a HIL belwcCT a HTL and a doped organic 
connector. Similarly, organic EL units can optionally include an EIL between an 
ETL and a doped organic connector. 

FIG. 4 illustrates another useful embodiment the present invention, 
stacked OLED 400. wherein llic organic EL unit 420 includes a hght-emitting 
layer (LEL) 325 disposed between a HTL and an ETL This unit structure is 
conveniently designated HTL/LEL/ETL. In this embodiment, tiie recombination 
of the hole and electron caniers and electroluminescence occurs primarily in the 
LEL. The LEL in each organic EL unit ai'e designated 325.1 to 325,N where, in 
this embodiment. 325.1 is tlie LEL in organic EL unit 420. 1 adjacent to the anode, 
and 325.N is the LEL in orgam'c EL unit 420.N adjacent to the cathode. The 
properties of the LEL in the device can be individually optimized to achieve the 
desired performance or feature, for example light transmission through the OLED 
stack, driving voltage, luminance efficiency, light emission color, 
manufacturability, device stability, and so forth. Tlie description above regarding 
the HTL, ETL, HIL, and EIL. apply to FIG 4 as well. 

In order to minimize driving voltage for tlie stacked OLED, it is 
desirable to make each organic EL unit as thin as possible without compromising 
the electroluminescence efficiency. It is preferable that each organic EL unit is 
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less than 500 nm tliick, and more preferable that it be 2 - 200 run thick. It is also 
preferable that each layer within the organic EL unit be 200 ran thick or less. 
Doped Organic Connectors 

The doped organic connectors provided between adjacent organic 
£L units are crucial, as this connection is needed to provide for effici^t electron 
and hole injection into the adjacent organic EL units. Each doped organic 
connector of this invention includes at least one n-type doped organic layer, or at 
least one p-type doped organic layer, or a combination of layers, thereof 
Preferably, the doped organic connector includes both an n-type doped organic 
layer and a p-type doped organic layer disposed adjacent to one another to form a 
p-n heteroj unction. It is also preferred that the n-type doped organic layer is 
disposed towards the anode side, and the p-type doped organic layer is disposed 
towards the cathode side. A non-limiting example of this configuration is shown 
in FIG. 5, where there are two stacked organic EL units, 320.1 and 320.2. 
Definitions for ETL, HTL, HIL, and EIL are as defined previously. In stacked 
OLED 500, n-iype doped organic layer 237 is provided between ETL 327.1 and p- 
type doped organic layer 233. The p-type doped organic layer 233, is provided 
between n-type doped organic layer 237 and HTL 323,2. The choice of using n- 
type doped organic layer, or a p-type doped organic layer, or both (the p-n 
junction) is in part dependent on the organic materials that include tlie organic EL 
units. Each connector can be optimized to yield the best performance with a 
particular set of organic EL units. This includes choice of materials, layer 
thickness, modes of deposition, and so forth. 

An n-typc doped organic layer means tliat the organic layer has 
semiconducting properties after doping, and the electrical cunrent through this 
layer is substantially carried by the electrons. A p-type doped organic layer 
means that the organic layer has smiconducting properties after doping, and tlie 
electrical current through this layer is substantially carried by the holes. A p-n 
heterojunction means an mterfecial region (or junction) formed when a p-type 
layer and an n-type layer contact each other. 

The n-type doped organic laya' in each doped organic connector 
includes a host organic material and at least one n-type dopant. The host material 
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in the n-typed doped organic layer can include a small molecule material or a 
polymeric material, or combinations thereof, and it is prefened that it can support 
electron transport. The p-type doped organic layer in each of the doped organic 
comiector includes a host organic materia] and at least one p-typc dopant. The 
host materia] can include a small molecule material or a polymeric material, or 
combinations thereof, and it is preferred that it can support hole transport. In 
some instances, the same host material can be used for both n-typed and p-type 
doped organic layers, provided thai it exhibits both hole and electron transport 
properties set forth above. The n-type doped concentration or the p-type doped 
concentration is preferably in the range of 0.01 - 10 vol. %. The total thickness of 
each doped organic connector is typically less than 100 nm. and preferably in the 
range of about 1 to 1 00 nm. 

The organic electron-transporting materials used in conventional 
OLED devices represent a useful class of host materials for the n-type doped 
organic layer. Preferred materials are metal chelated oxinoid compounds, 
including chelates of oxine itself (also commonly inferred to as 8-quino!i^ol or 8- 
hydroxyquinoline). such as tris{8-hydroxyquinoline) aluminum. Other materials 
include various butadiene derivatives as disclosed by Tang (U.S. Patent No. 
4.356.429), various heterocyclic optical brighteners as disclosed by Van Slyke and 
Tang et al. (U.S. Patent No. 4.539.507), triazines. hydroxyquinohne derivatives, 
and benzazole derivatives. Silole derivatives, such as 2.5-bis(2'.2"-bipridin-6.yl)- 
l,l-dimethyl-3,4-diphenyl silacyclopentadiene as reported by Murata et al. 
[Applied Physics Utters, 80. 189 (2002)], are also useful host materials. 

The materials used as the n-type dopants in the n-type doped 
organic layer of the doped organic comiectors indudemetate or metal compounds 
having a work function less than 4.0 eV. Particulariy useful dopants include alkali 
metals, alkali metal compounds, alkaline earth metals, and alkaline metal 
compounds. The tern, "metal compounds" includes organometallic complexes, 
metal-organic salts, and inorganic salts, oxides and halides. Among the class of 
metal-containing n-type dopants. Li. Na. K, Rb, Cs. Mg. Ca. Sr, Ba, La. Ce. Sm. 
Eu. Tb, Dy, or Vb, and their compounds, are particularly useful. The materials 
used as the n-type dopants in the n-type doped organic layer of the doped organic 
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connectors also include organic reducing agents with strong electron-donating 
properties. By "strong electron-donating properties" we mean that the organic 
dopant should be able to donate at least some electronic charge to the host to form 
a charge-transfer complex wilii the host. Non-limiting examples of organic 
molecules include bis(ethylenedithio)-tetrathiafiilvalene (BEDT-TTF), 
tetrathiafulvalene (TTF), and their derivatives. In the case of polymeric hosts, the 
dopant can be any of the above or also a material molecularly dispersed or 
copolymerized with the host as a minor component. 

The hole-transpoiting materials used in conventional OLED 
devices represent a useful class of host materials for the p-type doped organic 
layer. Preferred materials include aromatic tertiary amines having at least one 
trivaient nitrogen atom that is bonded only to caibon atoms, at least one of which 
is a member of an aromatic ring. In one form die aromatic tertiary amine can be 
an arylamine, such as a monoarylamine, diarylamine^ triarylamine, or a polymeric 
arylamine. Other suitable triarylamines substituted with one or more vinyl 
radicals and/or comprising at least one active hydrogen-containing group are 
disclosed by Brantley et al. (U.S. Patent Nos 3,567,450 and 3.658,520). A more 
preferred class of aromatic tertiaiy amines are those which include at least two 
ai'omatic tertiary amine moieties as described by Van Slyke and Tang ct al. (U.S. 
Patent Nos 4,720,432 and 5,061 .569). Non-limiting examples include as N,N'- 
di(naphthalene-Kyl)-N,N'-diphenyl-benzidine (NPB) and N,N'-diphcnyl-N,N'- 
bis(3-methylphenyl)-l,l-biphenyl-4,4'-diamine (TPD), and HN,N\N'- 
tetranaphthyl-benzidine (TNB). 

The materials used as the p-type dopants in the p-type doped 
organic layer of tiie doped organic connectors are oxidizing agoits with strong 
electron-withdrawing properties. By **strong electron-withdrawing properties" we 
mean that the organic dopant should be able to accept some electronic charge 
from the host to fomi a charge-transfer complex with the host. Some non-limiting 
examples include organic compounds such as 2,3,5,6-tetrafluoro-7,7,8,8- 
tetracyanoquinodimelhane (F4-TCNQ) and other derivatives of TCNQ, and 
inorganic oxidizing agents such as iodine, FeCl3, SbC15, and some other metal 
chlorides. In die case of polymeric hosts, the dopant can be any of the above or 
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also a material molecularly dispersed or copolymerized with the host as a minor 
component. 

Examples of iraterials that can be used as host for either the n-type 
or p-type doped organic layers include, but are not limited to: various anthracene 
derivatives as described in Formula F below and in U.S. Patent No. 5,972,247; 
certain carbazole derivatives, such as 4.4-bis(9-dicari)a2olyl)-biphenyl (CBP); and 
distyo^larylene derivatives such as 4,4'.bis(2,2'-diphenyl vinyl).l,l"-biphenyl and 
as described in U.S. Patent No. 5,121,029. 

The materials used for fabricating the doped organic connectors of 
this invention are substantially transparent to onitted light 
Utility of this invention 

The present invention can be employed in most OLED device 
configurations. These include veiy simple structures comprising a single anode 
and cathode to more complex devices, such as passive and active matrix displays. 
A passive mauix display is comprised of orthogonal arrays of anodes and 
cathodes to fom) pixels at their intersections, wherein each pixel acts as an OLED 
device that can be electrically activated independently of other pixels. In active- 
matrix displays, an array of OLED devices (pixels) are formed in contact with thin 
fihn transistors (TFTs) such that each pixel is activated and controlled 
independently by these TFTs. It is appreciated that any device must be provided 
with a means for generating the necessary voUage to operate the stacked OLED. 

Tliis invention can be advantageously used in applications such as general 
area lighting, area color displays, full color displays (such as in cell phones. 
PDAs, computer screens, television sets, etc.), heads-up displays, microdisplays, 
and any device that requires improved brightness or lifetimes. A few non-limiting 
examples are discussed below. 
White-Emitting Devices 

By using RGB stacks, this invention enables white light generation 
at greatly improved efficiency and operational lifetime compared to OLED 
devices of the prior art. One application for this improved white light-producing, 
stacked OLED is in general puipose or area lighting, where high luminance 
originated from a large surface area is desirable. HG. 7 illustrates an example of 
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a white light-emitting structure that can be used as an area lighting device or lamp 
350. InFIG.7,anode210isfonnedovertransparcnt substrate 201. An 
aheniating cuirent source, 253, is connected to a DC / pulse converter 252 which 
provides current to the cathode 240 and anode 210 of the lamp via electrical 
conductors 260. In this example, organic EL unit 220.1 emits blue light, organic 
EL unit 220.2 emits green light, and oxganic EL unit 220.3 emits red light. The 
intensity and exact hue of light emission from each organic EL unit is chosen so 
that they combine to yield white light, or nearly white light. Doped organic 
connectors 230.1 and 230.2 are as defined previously. Tliere are many other 
combinations of organic EL units that can be used to yield light that appears 
white. For example, two-layer structures that emit blue and yellow liglit, or that 
emit red and cyan light, or that emit green and magenta light, can be used to 
generate white light, hi all cases these units can be combined multiple times. For 
example, one can use several RGB stacks in a single device 

Another application is in fiiU color displays where white light is 
generated by each pixel and filtered using RGB filters. That is, an RGB filter is 
provided between the display and a viewer. This simplifies manufacturing 
because it is generally easier to apply a RGB filter after OLED device fabrication 
tlian to pattern RGB emitting pixels. Wliile there are manufacturing advantages, 
this RGB filter method suffers greatly from lost efficiency since the filter wastes 
much of the generated liglit. A high efficiency RGB stack of this invention allows 
for the fabrication of a fihered RGB display that is not disadvantaged in terms of 
efficiency relative to a conventional patterned «nissive RGB OLED of the prior 
art, and maintains the manufacturing advantage. 

FIGS 8 and 9 illustrate a non-limiting example of a matrix array of 
white light-emitting stacked OLED devices that can be used to fabricate a full- 
color matrix display. FIG. 8 is a cutaway schematic showing one example of 
electrical circuitry that can used to indep^dentiy activate each stacked OLED 
device (i.e.. each pixel). This matrix array is commonly referred to as an active 
matrix array. The active matrix array is composed of X-direction signal lines XI, 
X2, X3, . . Xn. Y-direction signal lines Yl, Y2, Y3, . . Ym, power supply (Vdd) 
lines Vddl, Vdd2, Vdd3, Vddn, thin-fihn transistors (TFTs) for switching 
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TSll,TS21,TS31, ...,TS12,TS22,TS23 TS31 , TS32, TS33, ...,TSnm, 

Ihin-film transistors (TFTs) for current control TCI 1, TC21. TC31, TC12. 
TC22. TC23. TC3 1, TC32. TC33, TCnm, stacked OLED devices ELI 1, EL21, 
EL31, .... EL12, EL22, EL23. EL31, EL32, EL33. .... ELnm, capacitors Cl 1, 

C21. C31 C12. C22, C23 C31. C32, C33 Cnm. X-direction driving 

circuit 207, Y-direction driving circuit 208. and the like. Hereupon, only one 
pixel is selected by one of X-dircction signal lines XI to Xn and one of Y- 
direction signal lines Yl to Ym, and a thin-film transistor for switching TS comes 
into the "on" state at this pixel, and due to this, a thin-film transistor for current 
control TC comes into the "on" state. Thus, an electric current supplied from a 
power supply line Vdd flows in the organic EL pixel, which results in light 
emission. 

FIG. 9 is a cross-sectiona! schematic diagram illustrating three 
pixels of a foil-color matrix display 600. Display 600 uses while light emission 
from an array of stacked organic electroluminescent devices (ELnm) and an array 
of color filters in registration with the devices. The color filters are situated 
between the devices and the viewer. Provided over transparent support 601 
(typically glass or quartz), are transparent organic insulator layers 602 and 603, 
and the wiring, capacitors, and transistors necessary to drive the individual 
stacked OLED devices or pixels in the array. For clarity, tlie electrical wirings 
capacitors, and transistors in each pixel are designated by blocks ELECl 1 , 
ELEC12, and ELEC13, used to drive ELI I, EL12, and EL13, respectively. 
Provided over organic insulator layer 602 is an array of optically transparent 
anode pads, 610. that are connected to ELECl 1, ELEC12, and ELEC13 by 
conductive wiring 606, which may or may not be optically transparent. Organic 
insulator 603 is provided over organic insulator 602 and anode pads 610 and 
patterned to reveal the anode pads. Provided over the anode pads and organic 
insulator 603 is white-light emitting organic layer 605 comprising a stack of two 
or more organic EL units and doped organic connectors as taught in this invention, 
necessary to yield white light emission. For example, a stack of red, green, and 
blue -emitting units, or a stack of blue and yellow-emitting units can all be 
effective. Tl^ese organic EL units can be deposited over the entire display device. 
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This is followed by deposition of cathode 640, which is common to each stacked 
OLED device. When activated, white ligln is emitted through the transparent 
anode 6 1 0, transparent organic insulator, 602, and tlirough the transparent 
substrate 601 . The emission area of each stacked OLED device (pixel) is defined 
by the contact area with the anode. Provided on the surface of the transparent 
substrate opposite the matrix array of white light-emitting organic 
electroluminescent devices, is an array of red (651), green (652), and blue (653) 
filters that are positioned in registration witli each pixel Thus, in FIG. 9, white 
light generated by EL 11 appears red, white light generated by EL 1 2 appears 
green, and white liglit generated by ELI 3 appears blue. Materials and methods 
for depositing color filter arrays on glass substrates are well known in tlie art. 
Color-Conversion Displays 

Another application of this invention is in devices or displays that 
utilize blue emissive pixels and tlien use color conversion media filters to generate 
red and green light, thus making a full color display. Unfortunately, blue-emitting 
OLEDs have historically been the least efficient and have had the worst lifetime. 
The efficiency and lifetime improvements of this invention (e.g., a stack of blue- 
emitting organic EL units) can be used to great. advantage in these devices. 

A non-limiting example of sudi a display is shown in FIG. 10 and 
is driven by the same active matrix circuitry as described previously in FIG. 8. 
Full-color matrix display 660 has many of the same components as described 
previously for display 600, in FIG. 9, but utilizes an array of blue-emitting stacked 
organic electroluminescent devices and an array of color conversion filters in 
registration with the bJue-emiiting devices. The color conversion filters are 
situated between the devices and the viewer. In matrix display 660. blue light- 
wnitting organic layer 665 includes a stack of two or more blue-emitting organic 
EL units. Provided on tlie surface of the transparent substrate opposite the matrix 
array of blue light-emitting organic electroluminescent devices, is an array of 
blue-to-red (661) and blue-to-green (662) color convenion filters that are 
positioned in registration with each pixel. These filters absorb blue light and 
fluoresce red or green. No filter is required in blue-emitting area 663, although it 
may include a transparent material or a blue trimming filter to adjust the hue. 
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Thus, in FIG. 10, blue light generated by ELI 1 appears red, blue light generated 
by EL12 appears green, and blue light generated by ELI 3 appears blue. Materials 
and methods for depositing color conversion filtar arrays on glass substrates are 
well-known in the art. 
Triplet EmittOT 

Triplet emitter dopants such as Ir(ppy)3 have been shown to have 
high efficiency when operated at low brightness. Unfortunately, when operated at 
higher brightness, the efficiency as well as the device life rapidly decreases. This 
invention (e.g., a stack of organic EL units with triplet emitters) enables one to 
take full advantage of the higli efficiency of triplet emittci-s by operating at low 
current density to achieve high brightness, without sacrificing stability. 

Area Color Displays 

For area color displays where finely patterned pixels are not 
desired, achieving an exact hue (e.g., as for a company logo) can be dilfficult with 
a conventional OLED. Often, stable and efficient luminescent dyes do not exist 
that emit the right hue. Alternatively, one may tiy to mix red, green, or blue 
luminescent materials in a single layer to yield the right hue, but this is very 
difficuh because the materials have significant interactions. For example, a red- 
emitting dopant will often quench a blue-emitting dopant. In addition to the 
efficiency advantages of this invention, tlie organic EL units used in each stack 
can be selected to easily yield any color hue desired. The interactions between 
organic EL units arc minimal in tliis regard. 

Full Color Pixelated Displays 

The present invention can be used in full-colcH: matrix displays by 
making individual OLED stacks of all red, all green, and all blue organic EL units 
to serve as RGB pixels. That is, each organic EL unit in a stack is designed to 
emit essentially the same color. The greatly improved luminance efficiency can 
be used in many ways. For example, one can greatly increase the brightness of a 
full color display without sacrificing the stability of die device relative to a 
conventional OLED device. 

A non-limiting example of this display configuration is shown in 
FIG. 1 1 and is driven by the same active matrix circuitry as described previously 
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ill FIG. 8. Full-color matrix display 680 has many of the same components as 
described previously for display 600, in FIG. 9. No filter array is required in 
matrix display 680. A matrix array of red (681), green (682), and blue (683) 
emitting organic layers are provided, each comprising a stack of two or more 
organic EL units of red» green, or blue, respectively. These organic layers are 
patterned over the device in registration with the anode pads. Thus, in FIG. 11, 
ELI I s^pears red, EL12 appears green, and EL13 appears blue. 
Otlier Device Featuies 
Substrate 

The stacked OLED device is typically provided over a supporting 
substrate where either the cathode or anode of tlie stacked OLED can be in contact 
with the substrate. The elecn-ode in contact with the substrate is conveniently 
referred to as the bottom electrode. Conventionally, the bottom electrode is tlie 
anode, but this invention is not limited to that configuration. The substrate can 
eith» be light transmissive or opaque, depending on the intended direction of tight 
emission. The light transmissive property is desirable for viewing the £L 
emission through the substrate. Transparent glass or plastic is commonly 
employed in such cases. For applications where the EL emission is viewed 
through the top electrode, the transmissive characteristic of the bottom support is 
immaterial, and therefore can be light transmissive, light absorbing or light 
reflective. Substrates for use in this case include, but are not limited to, glass, 
plastic, seiTiiconductor materials, silicon, ceramics, and circuit board materials. 
Of course it is necessary to provide in these device configurations a light- 
transparent top electrode. 
Anode 

When EL emission is viewed through anode 210, the anode should 
be transparent or substantially transparent to the emission of interest. Common 
transparent anode materials used in this invention are indium-tin oxide (ITO) and 
tin oxide, but other metal oxides can work including, but not limited to, 
aluminum- or indium-doped zinc oxide (IZO), magnesium-indium oxide, and 
nickel-tungsten oxide. In addition to these oxides, metal nitrides, such as gallium 
nitride, and metal selenides, such as zinc selenide, and metal sulfides, such as zinc 
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sulfide, can be used as anode 210. For applications where EL emission is viewed 
only through the cathode electrode, the transmissive characteristics of anode are 
immaterial and any conductive material can be used, transparent, opaque or 
reflective. Example conductors for this application include, but are not limited to, 
gold, iridium, molybdenum, palladium, and platinum. Typical anode materials, 
transmissive or otherwise, have a work function of 4.1 eV or greater. Desired 
anode materials are commonly deposited by any suitable means such as 
evaporation, sputtering, chemical v^or deposition, or electrochemical means. 
Anodes can be patterned using well-known photolitliographic processes. 

Hole-Injecting Layer ( HIL) 

While not always necessary, it is often useful that a hole-injecting 
layer 321 be provided between anode 210 and hole-transporting layer 323. The 
hole-injecting material can serve to improve the fihn formation property of 
subsequent organic layers and to facilitate injection of holes into the hole- 
transporting layer. Suitable materials for use in the hole-injecting layer include, 
but are not limited to. poiphyrinic compounds as described in U.S. Patent No. 
4,720,432, and plasma-deposited fluorocarbon polymers as described in U.S. 
Patent No. 6,208,075. Alternative hole-injecting materials reportedly useful in 
organic EL devices are described in BP 0 891 121 A1 and EP 1 029 909 Al. 

Hole-Transporting Layer (HTL) 

The hole-transporting layer 323 of the organic EL device contains 
at least one hole-transporting compound such as an aromatic tertiary amine, where 
tlie latter is understood to be a compound containing at least one trivalent nitrogen 
atom that is bonded only to carbon atoms, at least one of which is a member of an 
aromatic ring. In one fonn the aromatic tertiary amine can be an arylamine, such 
as a monoarylamine, diar>'lamine, tiiarylamine, or a polymeric arylamine. 
Exemplary monomeric triarylamines are illustrated by Klupfel et al. U.S. Patent 
No. 3,180,730. Other suitable triarylamines substituted with one or more vinyl 
radicals and/'or comprising at least one active hydrogen containing group are 
disclosed by Brantley et al U.S. Patent Nos. 3,567,450 and 3,658,520. 

A more prefen*cd class of aromatic tertiaiy amines are those which 
include at least two aromatic tertiary amine moieties as described in U.S, Patent 
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Nos. 4,720,432 and 5,061,569. Such compounds include those represented by 
structural formula (A). 

A Q> ^Q2 

wherein Qi and Q2 are independently selected aromatic tertiary amine moieties 
and G is a linking group such as an arylene. cycloalkyiene, or alkylene group of a 
carbon to carbon bond. In one embodiment, at least one of Qi or Qa contains a 
polycyclic fused ring structure, e.g., a naphthalene. Wlien G is an aryl group, it is 
conveniently a phenylene, biphenylene, or naphthalene moiety. 

A useful class of triarylamines satisfying structural formula (A) 
and contahiing two triarylamine moieties is represented by structural formula (B): 

B Ri — C— R3 

where 

Ri and R2. each independently represents a hydrogen atom, an aryl group, 
or an alkyl group or R] and R3 together represent the atoms completing a 
cycloalky] group; and 

R3 and R4 each indq)endent]y rq)resents an ai^J groi^, which is in turn 
substituted with a diaryl substituted amino group, as indicated by structural 
foimula (C): 

R5 

\ 

c /- 

Re 

wherein R5 and Rg are independently selected aryl groups. In one embodiment, at 
least one of Rs or Ro contains a polycyclic fused ring structure, e.g., a 
naphthalene. 
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Another class of aromatic tertiary amines are the tetraaiyldiamines. 
Desirable tetraai-yldiamincs include two diarylamino groups, such as indicated by 
formula (C), linked through an arylene group. Useful tetraaryldiamines include 
those r^resented by fonnula (D), 

wherein each Aie may be an independently selected arylene group, such as a 

phenylene or antluacene moiety, 

n is an integer of from 1 to 4, and 

Ar, R7, Rs, and R9 are independently selected aiyl groups. 

In a typical embodiment, at least one of Ar. R7, Rg, and R9 is a polycyclic fused 

ring structure. e.g., a naphthalene 

Tlic various alkyl, alkylenc. aryl. and arylene moieties of the 
foregoing structural formulae (A), (B), (C), (D), can each in turn be substituted. 
Typical substituents include alkyl groups, alkenyl. alkoxy groups, aryl groups^ 
aryloxy groups, and halogen such as fluoride, chloride, and bromide. The various 
alkyl and alkylene moieties typically contain from about 1 to 6 carbon atoms. The 
cycloalkyl moieties can contain from 3 to about 10 carbon atoms, but typically 
contain five, six, or seven ring carbon atoms-e.g., cyclopentyl, cyclohexyl, and 
cyclohcptyl ring structures. The aryl and arylene moieties are usually phenyl and 
phenylene moieties. 

The hole-transporting layer can be formed of a single or a mixture 
of aromatic teniary amine compounds. Specifically, one can employ a 
triarylamine, such as a triarylamine satisfying the formula (B), in combination 
with a tetraaryldiamine, such as indicated by formula (D). When a triarylamine is 
employed in combination with a tetraaryldiamine, the latter is positioned as a 
layer interposed between the triarylamine and the electron injecting and 
transporting layer. Illustrative of usefiil aromatic tertiary amines are the 
following; 
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1 , 1 -Bis(4-di-p-tolylaminophenyl)cyclohexane 

1 , 1 •Bis(4-di-p-tolylaminophenyl)-4-phenylcyclohexane 

4,4'-Bis(diphenylainino)quadriphenyl 

Bis(4-dimetliylamino-2-inelhylphenyl)'phenyhnethane 

N,N,N-Tri(p-tolyl)amjnc 

4-(di-p-tolylamino)-4'»[4(di-/?-tolylainmo)-styiyl]stilbeiie 

N»N,N\hr-Teira-;?-tolyl-4-4*-diaininobiphenyl 

N,N,N*,N'-Tetrj^henyI-4,4'-diaminobiphenyl 

N,N,N*.N'-tetra-l-naphthyl-4»4*-djammobiphenyl 

N,N,N* ,N ' -tetra-2-naphthyl-4,4 ' -diaminobiphenyl 

N'Phenylcarbazole 

4,4'-Bis[N-(l-naphthyl)-N-phenylamino]biphenyl 
4,4'-Bis[N-(l-naphthyl>N-(2-naphthyl)amino]biphenyl 
4,4"-Bis[N-( I -naphthyl)-N-phenylaniino]p-teiphenyl 
4,4*-Bis[N-(2-naphthyl)'N-phenylamino]biphenyl 
4,4'-Bis[N-(3-accnaphtlicnyJ)-N«phcnyIamino]biphenyl 

1 .5- Bis[N-(l -naphthyl)-N-phenylamino]naphthalene 
4,4'-Bis[N-(9-anthryl)-N-ph«iylamino]biphenyl 
4,4'^Bis[N-(l-anthryl)-N-phenylamino}-;7-tcrphenyI 
4,4'-Bis[N-(2-phenanthryl)-N-phenylamino]biphenyl 
4,4'-Bis[N-(8-fluorantheiiyl)-N-phenylainino]biphenyl 
4,4*'Bis[N-(2-pyrenyl)-N-phenylamino]biphenyl 
4,4'-Bi5[N-(2-naphthacenyl)-N-phenylamino]biphenyi 
4,4*-Bis[N-(2-pei7lenyl)-N-phenylamino]biphenyl 
4,4'-Bis[N-( 1 -coronenyl)-N-phenylaniino]biphenyl 
2»6'Bis(di-p-tolylaniino)iiaphthalcne 
2»6-Bis[di-(l-naphthyl)aniino]naphthalene 

2.6- Bis[N-(l-naphthyl)-N-{2-naphthyl)ammo]naphthalene 
N,N,N*,N'-Tctra(2-n^hthyl)-4.4"-diamino-/)-terphenyl 
4,4'-Bis {N-phenyl-N-[4-( 1 -napbthyI)-phenyl)amino)biphenyI 
4,4*-Bis[N-phenyl-N-(2-pyrenyl)amino]biphenyl 
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2,6-Bis[Na^^-di(2.naphthyl)amine]fluorene 

1 .5-Bis[N-(l -naphthyl)-N-phenylaniino]napbthalene 

Another class of useful hole-transporting materials includes 
polycyclic aromatic compounds as described in EP 1 009 041 . In addition, 
polymeric hole-transporting materials can be used such as poly(N-yinylcarbazoIe) 
(PVK), polytliiophenes, polypyrrole, polyaniline, and copolymers such as 
poly(3,4-ethylenedioxythiophene) / poly(4-styrenesulfonatc) also called 
PEDOT/PSS. 

Liglit-Emitting Layer (LEL) 

As more fully described in U.S. Patent Nos. 4,769,292 and 
5.935,721. the light-emitting layer (LEL) 325 of the organic EL unit includes a 
luminescent or fluorescent material where electroluminescence is produced as a 
result of electron-hole pair recombination in this region. The light-emitting layer 
can be comprised of a single material, but more commonly consists of a host 
material doped with a guest compound or compounds where light emission comes 
primarily from the dopant and can be of any color. The host materials in the light- 
emitting layer can be an electron-transporting material, as defined below, a hole- 
transporting material, as defined above, or another material or combination of 
materials that support hole-electron recombination. The dopant is usually chosen 
fi-om highly fluorescent dyes, but phosphorescent compounds, e.g., transition 
metal complexes as described in WO 98/55561, WO 00/1 8851 , WO 00/57676, 
and WO 00/70655 are also useful. Dopants are typically coated as 0.01 to 10 % 
by weight into die host material. Polymeric materials such as polyfluorenes and 
polyvinylarylenes (e.g., poly(p-phenylenevinylene), PPV) can also be used as the 
host material In this case, small molecule dopants can be molecularly dispersed 
into the polymeric host, or the dopant could be added by copolymeriring a minor 
constituent into the host polymer. 

An important relationship for choosing a dye as a dopant is a 
comparison of the bandgap potential which is defined as tlic energy difference 
between the highest occupied molecular orbital and the lowest unoccupied 
molecular orbital of the molecule. For efficient energy transfer from the host to 
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the dopant molecule, a necessary condition is that the band gap of the dopant is 
smaller thaj^ that of the host material. 

Host and emitting molecules known to be of use include, but are 
not limited to, those disclosed in U.S. Patent Nos. 4,768,292; 5,141,671; 
5,150,006; 5,151,629; 5,405,709; 5,484,922; 5,593,788; 5,645,948; 5,683,823; 
5,755,999; 5,928,802; 5,935,720; 5,935,721; and 6,020,078. 

Metal complexes of 8-hydroxyquinoline and similar derivalivcs 
(Foiinula £) constitute one class of useful host compounds capable of supporting 
electroluminescence, and are pailicularly suitable for light emission of 
wavelengtlis longer than 500 nm, e.g., green, yellow, orange, and red. 



E 





wherein 

M represents a metal; 

n is an integer of from 1 to 4; and 

Z independently in each occurrence represents the atoms complying a 
nucleus having at least two fused aromatic rings. 

From the foregoing it is apparent that the nietal can be monovalent, 
divalent, trivalent, or tetravalent metal. The metal cai, for example, be an alkali 
metal, such as Uthium, sodium^ or potassium; an alkaline earth metal, such as 
magnesium or calcium; an earth metal, such aluminum or gallium, or a transition 
metal such as zinc or zirconium. Generally any monovalent, divalent, trivalent, or 
tetravalent metal taiown to be a useful chelating metal can be employed. 

Z completes a heterocyclic nucleus containing at least two fused 
aromatic rings, at least one of which is an azole or azinc ring. Additional rings, 
including both aliphatic and aromatic rings, can be fused witl: the two required 
rings, if required. To avoid adding molecular bulk without improving on function 
the number of ring atoms is usually maintained at 18 or less. 
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Illustrative of useful chelated oxiiioid compounds are the 

foHo>\ing: 

CO-1: AlujTiinum tiisoxine [alias, tris(8>quinolinolato)aluminuin{m)] 
CO-2: Magnesium bisoxiiie [alias, bis(8-quinolino]ato)magnesiuni(II)] 
CO-3: Bis[beiizo{f}-8-quinoliiiolato]2inc (II) 

CCM: Bis(2-methyl.8-quinolinoIato)aluminumaiI)-K-oxo.bis(2.me 

quinolinolato) aluminumCUI) 
CO-5: Indium trisoxine [alias, tris(8-quinolinolato)indium] 
Ca6: Aluminum tris(5-methyloxine) [alias, tris(5-methyl.8-quinolmolato) 

aluminum(III)] 
CO-7: Lithium oxine [alias, (8-quinolinolato)]iUuum{I)] 
CO-8: Gallium oxine [alias, tris{8-quinolinolato)gallium(Iir)] 
CO-9: Zirconium oxine [alias, tetra(8-quinolinolato)zircomum{IV)] 
Derivatives of 9,10.di.(2-naphthyl)anthracenc (Formula F) 
constitute one class of useful hosts capable of supporting electroluminescence, 
and are particularly suitable for light emission of wavelengths longer than 400 nm. 
e.g.. blue, green, yellow, orange or red. 



1 




F 






















r6 



wherein: R\ R^ R-\ r\ r\ and represent one or more substituents on each ring 
where each substituent may be individually selected from the following groups: 
Group 1: hydrogen, alkenyl, alkyl, or cycloalkyl of from 1 to 24 carbon 

atoms; 

Group 2: aryl or substituted aryl of from 5 to 20 carbon atoms; 
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Group 3: carbon atoms from 4 to 24 necessary to complete a fused 
aromatic ring such as anthracenyl; pyrenyl, or perylenyl; 

Group 4: heteroaryl or substituted heteroaryl of from 5 to 24 carbon atoms 
as necessary to complete a fused heteroaromatic ring of fiiryl, thienyl. pyridyl, 
quinolinyl or other heterocyclic systems; 

Group 5: alkoxylamino, alkylamino, or arylamino of j&x)m 1 to 24 carbon 
atoms; and 

Group 6: fluorine, chlorine, bromine or cyano. 



r-butyl-9, 1 0-di-(2-naphthy l)anthracene. Other anthracene derivatives can be 
useful as a host in the LEL, including derivatives of 9,10-bis[4-(2,2- 
diphenylethenyl)phenyi]anthracene. 



useful hosts capable of supporting electroluminescence, and are particularly 
suitable for light emission of wavelengths longer than 400 nm, e.g., blue, green, 
yellow, orange or red. 



n is an integer of3 to 8; 
Zis 0,NRorS; 

R and R' are individually hydrogen; alkyl of fixim 1 to 24 carbon atoms, 
for example, propyl, t-butyl, heptyl, and the like; aryl or hetero-atom substituted 
aryl of from 5 to 20 carbon atoms for example phenyl and naphtliyl, furyl, thienyl, 
pyridyl, quinolinyl and other heterocyclic systems; or halo such as chloro, fluoro; 
or atoms necessary to complete a fused aromatic ring; and there may be up to 4 R' 
groups per benzazole unit; and 

L is a linkage unit consisting of alkyl, aryl, substituted alkyl, or substituted 
aiy], which conjugately or unconjugately connects the multiple benzazoles 



Illustrative examples include 9,10-di-(2-naphthyl)anthracene and 2- 



Benzazole derivatives (Fonnula G) constihite another class of 




Where: 



together. 
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An example of a useful bcnzazole is 2, 2', 2"-(l,3,5. 

phcnylcne)tris(l-pheny!.lH-ben2imidazole]. 

Distyiylarylene derivatives as described in US 5.121,029 are also 
useful host material for the LEL. 

Desirable fluorescent dopants include derivatives of anthracene, 
tetracene, xanthene. peiylene, nibrene, coumarin. riiodamine. quinacridone, 
dicyanomcthylencpyran compounds, thiopyran compounds, polymethine 
compounds, pyrilium and thiapyrilium compounds. Huorene derivatives, 
periflanthene derivatives, and caibostyiyl compounds. Illustrative examples of 
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L47 



Electron-Transporting Layer (ETL) 

Preferred thin film-forming materials for use in forming the 
electron-transporting layer 327 of the organic EL devices of this invention are 
meta] chelated oxinoid compounds, including chelates of oxine itself (also 
commonly referred to as 8-quinolinol or 8-hydroxyquinoline). Such compounds 
help to inject and tran^ort electrons and exliibit both high levels of performance 
and are readily fabricated in the form of thin films. Exemplary of contemplated 
oxinoid compounds are those satisfying stnictural formula (E), previously 
described. 
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Other electi on-transporting materials include various butadiene 
derivatives as disclosed in U.S. Patent No. 4,356,429 and various heterocyclic 
optical brighteners as described in U.S. Patmt No. 4,539,507. Benzazoles 
satisfying structural formula (G) ai^ also useful electron-transporting materials. 

In some instances, layers 327 and 325 can optionally be collapsed 
into a single layer that serves tlie function of supporting both light emission and 
electron transpon. These layers can be collapsed in both small molecule OLED . 
systems and in polymeric OLED systems. For example, in polymeric systems, ii 
is common to employ a hole-transporting layer such as PEDOT-PSS with a 
polymeric light-emitting layer such as PPV. In this system, PPV sei-ves the 
function of supporting both Ught emission and electron transport. 
Cathode 

When light emission is viewed solely through the anode, the 
cathode 240 used in this invention can be comprised of nearly any conductive 
material. Desirable materials have good fibn-forming properties to ensure good 
contact with the underiying organic layer, promote electron injection at low 
vohage» and have good stability. Usefiil cathode materials often contain a low 
work function metal (< 4.0 eV) or metal alloy. One preferred cathode material is 
comprised of a Mg:Ag alloy wherein the percentage of silver is in the range of 1 
to 20 %, as described in U.S. Patent No. 4,885,221. Another suitable class of 
cathode materials includes bilayers comprising a tliin electron-injection layer 
(EIL) 329 in contact with the organic layer (e.g., ETL) which is c^pcd with a 
thicker layer of a conductive metal. Here, the EIL preferably includes a low work 
function metal or metal salt, and if so, the thicker capping layer docs not need to 
have a low work function. One such cathode is comprised of a thin layer of LiF 
followed by a thicker layer of AI as described in U.S. Patent No. 5.677.572. Other 
useful cathode material sets iiKlude, but are not limited to, those disclosed in U.S. 
Patent Nos. 5,059,861; 5,059,862, and 6.140,763. 

When light emission is viewed through the cathode, the cathode 
must be transparent or neariy transparent. For such applications, metals must be 
thin or one must use transparent conductive oxides, or a combination of these 
materials. Optically transparent cathodes have been described in more detail in 
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U.S. Patent No. 5,776,623. Cathode materials can be deposited by evaporation, 
sputtering, or chemical vapor deposition. When needed, patterning can be 
achieved through many well known methods including, but not limited to, 
through-mask deposition, integral shadow masking as described in U.S. Patent 
No. 5,276,380 and EP 0 732 868, laser ablation, and selective chemical vapor 
deposition. 

Deposition of organic layers 

The organic materials mentioned above are suitably deposited 
through a vapor*phase method such as sublimation, but can be deposited fix>m a 
fluid, for example, from a solvent with an optional binder to improve film 
formation. If the material is a polyiner, solvent deposition is useful but other 
metliods can be used, such as sputtering or thermal transfer from a donor sheet. 
The material to be deposited by sublimation can be vaporized from a sublimator 
"boat" often comprised of a tantalum material, e.g., as described in U.S. Patent 
No. 6,237.529, or can be first coated onto a donor sheet and (hen sublimed in 
closer proximity to the substrate. Layors witli a mixture of materials can utilize 
separate sublimator boats or the materials can be prc-mixed and coated from a 
single boat or donor sheet. Patterned deposition can be achieved using shadow 
masks, integral shadow masks (U.S. Patent No. 5,294,870), spatially-defined 
thermal dye transfer from a donor sheet (U.S. Patent Nos. 5,851,709 and 
6,066.357) and inkjet method (U.S. Patent No. 6,066,357). 

Encapsulation 

Most OLED devices are sensitive to moisture or oxygen, or both, 
so they are commonly sealed in an inert atmosphere such as nitrogen or argon, 
along with a desiccant such as alumina, bauxite, calcium sulfate, clays, silica gel, 
zeolites, alkaline metal oxides, alkaline eartli metal oxides, sulfates, or metal 
halides and perchlorates. Methods for encapsulation and desiccation include, but 
are not limited to, those described in U.S. Patent No. 6,226,890. In addition, 
barrier layers such as SiOx, Teflon, and alternating morganic/polymeric layers are 
known in tlie art for encapsulation. 
Optical Optimization 
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Stacked OLED devices of this invention can wnploy various well- 
known optical effects in order to cnliance its properties if desired. This includes 
optimizing layer thicknesses to yield maximum light transmission, providing 
dielectric mirror structures, replacing reflective electrodes with light-absorbing 
electrodes, providing anti glare or anti-reflection coatings over the display, 
providing a polarizing medium over the display, or providing colored or neutral 
density filters over the display. 

Tlie entire contents of the patents and other publications referred to 
in this specification are incorporated herein by reference. 
EXAMPLES 

The following examples arc presented for a fiirther understanding 
of the present invention. For purposes of brevity, the materials and layers fonned 
therefrom will be abbreviated as given below. 

ITO: indium-tin-oxide; used in forming transparent anode 2 1 0 on glass 

substrates 

CFx: polymerized fluorocarbon layer; used in forming hole-injecting 

layer on top of ITO 
NPB: N,N'-di(naphthalene-l-yl) -N,N*-diphenyl-benzidine; used in 

fonning the hole-transporting layer in the organic EL unit, and 

also used as the host in forming the p-type doped organic layer in 

the doped organic connector. 
Alq: tris(8-hydroxyquinoline)aIuminum(III); used in forming both the 

electron-transpwting layer in the organic EL unit , and used as host 

in fomiing n-type doped organic layer in the doped organic 

connector. 

F4-TCNQ: 2,3,5,6-tetrafluoro-7,7.8,8-tetracyanoquinodimethane; used as p- 
type dopant in fomiing p-type doped organic layer in doped 
organic comiector 

CH3CO2CS: Cesium acetate; used as n-type dopant in foimmg n-type doped 

organic layer in doped organic connector. 
MgrAg: magnesium: silver at a ratio of 1 0:0.5 by volume; used in forming 

the cathode 
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The electroluminescence characteristics of all the fabricated 
devices were evaluated using a constant current source and a photometer at room 
temperature. 

Example I (Conventional PLED - comparative); 

The preparation of a conventional non-stacked OLED is as follows: 
A Inun thick glass substrate coated with a transparent ITO conductive lay^ was 
cleaned and dried using a commercial glass scrubber tool. The thickness of ITO is 
about 42 ran and the sheet resistance of the ITO is about 68 O/square. The ITO 
surface was subsequently treated with oxidative plasma to condition the surface as 
an anode. A layer of CFx. 1 nm thick, was deposited on the clean ITO surface as 
the HIL by decomposing CHF3 gas in RF plasma treatment chamber. The 
substrate was then transferred into a vacuum deposition chamber for deposition of 
all other layers on top of the subsU-ate. The following layers were deposited in the 
following sequence by sublimation from a heated boat under a vacuum of 
approximately 10"* Torr: 

(1) a HTL, 75 nm thick, consisting of NPB; 

(2) an ETL (also serving as the emissive layer), 60 nm thick, 
consisting of Alq; 

(3) a cathode, approximately 2 1 0 nm thick, consisting of Mg: Ag. 
After the deposition of these layers, tlie device was transferred 

from the deposition chamber into a dry box for encapsulation. Tlie completed 
device structure is denoted as ITO/CFxWB(75)/Alq(60)/Mg:Ag. 

This device requires a driving voltage of 6.2 V to pass 20 raA/cm^. 
Its luminance efficiency is 2.4 cd/A. The luminance efficiency-current 
characteristic, indicated as Example I, is shown in FIG. 6. 
Example 2 (Comparative): 

A stacked OLED was fabricated with the following sequential layers: 

(1) a HTL, 50 lun thick, consisting of NPB; 

(2) an ETL (also serving as the emissive layer), 50 nm thick, 
consisting of Alq; 

(3) a thin metal electrode, 1 nm thick, consisting of Mg:Ag; 

(4) another thm metal electrode, 1 .5 nm thick, consisting of Ag; 
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(5) a HTL, 50 nm thick, consisting of NPB; 

(6) an ETL (also serving as the emissive layer), 50 mn thick, 
consisting of Alq; 

(7) a cathode, approximately 2 10 nm thick, consisting of Mg: Ag. 
The processing steps other than the aforementioned layer 

deposition were the same as Example 1 . The stacked device structure is denoted 
as ITO/CFx/^ffB(50)/Alq(50)/Jl/g;>^g/^g/NPB(50)/^^ 

This stacked OLED requires a driving voltage of 21.2 V to pass 
20 mA.'cm^ Its EL efficiency is O.l cd/A. Its luminance efTiciency-current 
characteristic, indicated as Example 2, is shown in FIG. 6 
Example 3 (Comparative): 

A stacked OLED was fabricated with the following sequential layers: 

(1 ) a HTL, 75 nm thick, consisting of NPB; 

(2) an ETL {also serving as the emissive layer), 60 nm thick, 
consisting of Alq; 

(3) a metal electrode, 1 0 nm thick, consisting of Mg; 

(4) a HTL. 75 nm thick, consisting of NPB; 

(5) an ETL (also serving as the emissive layer), 60 nm thick, 
consisting of Alq; 

(6) a cathode, approximately 210 nm thick, consisting of Mg:Ag. 
The processing steps other dian the aforementioned layer 

deposition were the same as Example 1 . The stacked device structure is denoted 
asITO/CFx/NPB(75)/Alq(60)/Mg/NPB(75)/Alq(60)/Mg:Ag. 

The stacked OLED has a driving voltage of 1 1 .2 V, a current 
density of 20 mA/cm\ and an EL efficiency of 1 .3 cd/A. Its luminance 
efficiency-current characteristic, indicated as Example 3, is shown in FIG. 6. 
Example 4 ((^mparative): 

A stacked OLED was fabricated, which was similar to Example 3 
except there was no metal electrode in between the two EL units. The stacked 
device structure is denoted as 

ITO/CFx/NPB(75)/Alq(60)/NPB{75)/Alq(60)fl^g:Ag. 
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The stacked OLED requires a very high driving voltage (29 V) in 
Older to pass a current density of 20 mA/cm^. Hie corresponding EL efficiency 
is 3.1 cd/A. Its luminance efficiency-cunent characteristic, indicated as Example 
4, is shown in FIG. 6. 

Comparative Examples 2. 3, and 4 clearly show that the connection 
between adjacent organic EL units is veiy critical in making stacked OLED that is 
more efficient than the non-stacked OLED. A thin metal intra-electrode layer as 
desciibed in the prior art apparently can cause transmission loss due to optical 
absorption and reflection, as well as carrier injection difficulty when placed in ' 
between the organic EL units. Optical absorption could be reduced without any 
electrode in between the EL units but carrier injection barrier between each 
organic EL unit would still be very high, as evidenced by the very high driving 
voltage. 

Example 5 (Inventive): 

A stacked OLED was fabricated with the following sequ^txal layers: 

(1) a HTL, 75 nm thick, consisting of NPB; 

(2) an ETL (also serving as the emissive layer), 55 lun thick, 
consisting of Alq; 

(3) a n-type doped organic layer, 5 nm thick, consisting of Alq host 
doped with 2 vol. % CH^COaCs, which is part of doped organic 

connector; 

(4) a p-t>pe doped organic layer, 5 nm thick, consisting of NPB host 
doped witli 2 vol. % F4-TCJNQ, which is the other part of doped 
organic connector; 

(5) a HTL, 70 nm thick, consisting of NPB; 

(6) an ETL (also serving as the emissive layer), 60 nm thick, 
consisting of Alq; 

(7) a cathode, approximately 2 1 0 nm thick, consisting of Mg: Ag. 
The processing steps other than the aforementioned layer 

deposition were the same as Example 1. The stacked device structure is denoted 
as nO/C¥xfNPB{15)fA]q{5S)fAlq:n-dopant(5)/NPB:p- 
^o/7fln/f5;/NPB(70)/Alq{60)/Mg:Ag. 
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The stacked OLED has a driving volUge of 18.5 V, a cuirent 
density of 20 mA/cm\ and an EL efficiency of 3.9 cd/A. Its luminance 
efBcicncy-current characteristic, indicated as Example 5, is shown in FIG. 6. 
Example 6 flnventivel: 

A Slacked OLED was fabricated with the following sequential layers: 

(1) a HTL, 75 nm thick, consisting of NPB; 

(2) an ETL (also seiving as the emissive layer), 60 nm thick, 
consisting of Alq; 

(3) a p-type doped organic layer, 5 nm thick, consisting of NPB host 
doped with 3 vol. % F4-TCNQ, which is doped organic connector; 

(4) a HTL, 70 nm diick, consisting of NPB; 

(5) an ETL (also serving as tlie emissive layer), 60 nm thick, 
consisting of Alq; 

(6) a cathode, approximately 21 0 nm thick, consisting of Mg:Ag. 
The processing steps othtt: than the aforementioned layer 

deposition were the same as Example 1. Tlie stacked device stniciure is denoted 
as nO/CFi^B(15)/A\q(60)fNPB:p'dopant(5)fNFB{10yMq^ 

The stacked OLED has a driving voltage of 17.7 V, a current 
density of 20 mAhm\ and an EL efficiency of 4.0 cd/A. The luminance 
efficiency-current characteristic, indicated as Example 6, is shown in FIG. 6. 
Example 7 (Inventive): 

In order to optimized the light output, a stacked OLED similar to 
that in Example 6 but having different layer thickness was fabricated with the 
following sequential layers: 

(1 ) a HTL, 75 nm thick, consisting of NPB; 

(2) an ETL (also serving as the emissive layer). 30 mn thick, 
consisting of Alq; 

(3) a p-type doped organic layer. 5 nm thick, consisting of NPB host 
doped with 3 vol. % F4-TCNQ, which is doped organic connector; 

(4) a HTL, 25 nm Uiick, consisting of NPB; 

(5) a LEL and ETL, 60 nm thick, consisting of Alq; 

(6) a cathode, approximately 2 1 0 nm thick, consisting of Mg: Ag. 
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The processing steps other than the aforementioned layer 
deposition were the same as Example 1 . The slacked device structure is also 
denoted as ITO/CFx/NPB(75)/Alq(30)/ArP5:p- 

dopant(5)/mB{25)/A\q(60mg'M' 

. The luminance efficiracy-current characteristic of the stacked 
OLED is shown in FIG. 6, Indicated as Example 7. This optimized device has a 
driving voltage of 12V, current density of 20 mA/cm\and an EL efBciraicy of 4.9 
cd/A. It shows that, by stacking two organic EL units in one OLED serially, 
double luminance efficiency could be obtained (with doubled driving voltage). 
Since the luminance is proportional to the current density, this stacked OLED 
device could be operated to produce twice the luminance output of the reference 
OLED (Example 1) for tlie same current density. Therefore, the lifetime of the 
stacked OLED could be increased by a factor of 2 with no sacrifice in luminance. 
This example demonstrates that by stacking multiple organic EL units together 
with the doped organic comiectors as described in this invention, further 
improvements in luminance efficiency can be achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. I depicts a sch«natic cross sectional view of a prior art 
stacked OLED; 

FIG. 2 depicts a schematic cross sectional view of a stacked OLED 
in accordance with the present invention, having stacked organic EL units and 
having a doped organic coimector in betw'een each of the organi^^ 

FIG. 3 depicts a schematic cross sectional view of another slacked 
OLED in accordance with the present invention illustrating some layer structures 

in the organic EL unit; 

FIG. 4 depicts a schematic cross sectional view of yet another 
stacked OLED in accordance with the present invMition illustrating some other 
layer structures in the organic EL unit; 

FIG. 5 depicts a schematic cross sectional view of a stacked OLED 
in accordance witli the present invention illustrating a doped organic coimector 
that includes an n-iype doped organic layer and a p-type doped organic layer; 
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FIG. 6 is a graph of Imninaiice yield vs. current density, which 
s]iow5 the organic EL characteristics of tlie dex'ices in accordance with the present 
invention as well as of the reference devices fabricated according to the piior an; 

FIG. 7 depicts a schematic cross sectional view of an area lighting 
lamp in accordance with the present invention; 

FIG. 8 depicts a aitaway view of a circuit diagram ilial can be used 
for driving an active matrix display of tliis invention; 

FIG. 9 depicts a schematic cioss sectional view of a full color 
display of this iaivention; 

FIG. 10 depicts a schematic cross sectional view of another full 
color display of this invention; and 

FIG. 1 1 depicts a schematic cross sectional view of another M\ 
color display of this invention. 

It will be understood that FIGS. 1 ^ 5 and FIGS. 7 - 11 are not to 
scale since the individual layers are too thin and the thickness differences of 
vm-ious layen too great to permit depiction to scale. 
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L Abstract 

A stacked organic electroluminescent device and a method of 
making such device is disclosed. The device comprises an anode, a cathode, at 
least two organic electroluminescent units disposed between the anode and the 
cathode, and a doped organic connector disposed between each adjacent organic 
electioluminescent unit wlierein the organic electroluminescent unit comprises at 
least one organic hole-transporting Isyer and one organic electron-transporting 
layer. Tlie doped organic connector comprises at least one n-type doped organic 
layer or one p-type doped organic layer, or combinations of layers thereof. 

2. Representative Drawing 
Fig. 2 
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